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acquaint the Public, that it fully appears, as well from the council-books 


and journals of the Society, as from repeated declarations, which have 
been made in ſeveral former Tran/attions, that the printing of them was 
always, from time to time, the ſingle act of the reſpective Secretaries, till 
the Forty-ſeventh Volume: the Society, as a body, never intereſting them- _ 
{elves any further in their publication, than by occaſionally recommending 
the revival of them to ſome of their Secretaries, when, from the particular 
circumſtances of their affairs, the Tranſactions had happened for any 


length of time to be intermitted. And this ſeems principally to have 


been done with a view to ſatisfy the Public, that their uſual meetings 


were then continued for the improvement of knowledge, and benefit of 
mankind, the great ends of their firſt inſtitution by the Royal hers, 


and which they have ever ſince ſteadily purſued. 


But the Society being of late years greatly inlarged, and their com- 


munications more numerous, it was thought adviſeable, that a Committee 
of tho members ſhould be appointed to reconſider the papers read be- 
fore them, and ſelect out of them ſuch, as they ſhapld judge moſt pro- 


per for publication in the future Tranſactions; which was accordingly 
done upon the 26th of March 1752. And the grounds of their choice 
are, and will continue to be, the importance and fingularity of the ſub- 


jects, or the advantageous manner of treating them; without pretending 
to anſwer for the certainty of the facts, or propriety of the reaſonings, 
contained in the ſeveral papers ſo publiſned, which muſt {till reſt on the 
credit or judgment of their reſpective authors. 
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It is Vikewiſe n on | this denn to remark, that it is an efta- 
bliſhed rule of the Society, to which they will always adhere, never to 
give their « opinion, as a body, upon any ſubject, either of Nature or Art, 
that comes before tliem. Aud therefore the thanks, which | are fre- 
quently propoſed from the chair, to be given to the authors of ſuch pa- 
pers, as are read at their accuſtomed meetings, or to the perſons through 
whoſe hands they receive them, are ta be conſidered i in no other light 
than as a matter of civility, in return for the refpect ſhewn to the Society 
5 by thoſe communications. 1 he like alla is to be faid with regard* to 
the ſeveral projects, 1 inventions, and curioſities of various kinds, Which 

are, often exhibited to the Society; : the authors whereof; or thoſe: who 
exhibit them, frequently take the liberty to report, and even to certify 
in the public news- papers, that they have met with the higheſt applauſe 
and approbation. And therefore it is hoped, that no regard will here- 
aſter be paid to ſuch reports, and public notices; which i in ſome inſtances 


have been too o lighty, credized, t to the diſhonour of the Society. | 
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1 4 LET TE R from William Herſchel, Bj. 5. k. . 
i page 1 

n. On the Date: and Magnitude of the Georgium Sidus ; 
 witha Deſeription of the dark and tucid Diſt and Periphery 1995 
Micrometers. By William Herſchel, Efg. F. R. S. p. 4 
MI. Cor.clufion of the Experiments and Obſervations concerning the 
Attractive Powers of the Mineral Acids. By Richard Kir- 
wan, Ef. P. R. S. = p- 15 
IV. A Deſeription of a Species of Sarcocele of a moſt often; Ming 
Side in a Black Man in the Hand of Senegal ; with ſome 
Account of its being an endemial Diſeaſe in the Country of 
Galam. By YI „ communicated by Sir 
Joſeph Banks, Bart. P. R. S. p. 85 
V. A Deſcription of 'a new Conſtruction of Eye-glaſſes for ſuab 
Teleſcopes as may be applied to Malbemalical Inſlruments. 
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VI. Account of ſeveral Lower > © "uy By Marmaduke Tunſtall, 
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By Ms Rarnſden ; communicated by Sir Joſeph Banks, Bart. 
F. R. S. . "EW: 3 | P- 94 


uy ad ne „„ 


Efg. F. R. S. in Two Letters to Sir Joſeph Banks, Bart. 
P. R. S. p· 100 


VII. Acgount of an Earthquake. 'By John Lloyd Eg. in Þ 


| Letter to Sir Joſeph Banks, Bart P. R. S. p- 104 


VIII. An Account of a new Eudiometer. By Mr. Cavendiſh, 


F. R. S. p. 106 


IX. Experiments upon the Reffance of the Air. By Richard 


Lovell Edgworth, Eſq. F. R. S. Ina Letter to Sir Joſeph 
Banks, Bart. P. R.S. 1 136 
nſwer 10 the ObjeAtions flated by M. De la Lande, in 
| the Memoirs of the French Academy for the Year 1776, 
againſt the Solar Spots being Excavations in the luminous Mat- 
ler of. the Sun, together with. a ſhort. Examination of tbe 
Views aſcertained by him upon that Subject. By Alexander 
ph Wilſon, M. D. Prefe or of Practical Aſtronomy in the Uni- 
werfit ly. of. Glaſgow ; communicated by Nevil Maſkelyne, D D. 
F. R. S. and Afironomer Royal, „ bene 


XI. An Account of the Earthquakes which happened i in Italy, 


from February 0 May 1783. By Sir William Hamilton, 
_ Knight of the Bath, F. R. S.; in a a Letter 10 Sir Joſeph 
- Banks, Bart. P. R. S. p. 169 
XII. Account of the Earthquake which batpened March 28, 
178. 13. In a Letter from Count Franceſco Ippolito 20 Sir 
William Hamilton, Knight of tbe Bath, F. R. §.; ; preſented 


by \ Sir William Hamilton. p. +3497 


XIII. Account of the Black Canker Caterpillar, which frog 
the Turnips in Norfolk. By William Marſhall, EV. in 4 
_ Letter to Charles Morton, M. D. F. R. F. p 217 
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His Sacred Majeſty Rage G E 0 R G E II. Patron. 
| HiSocredMajeſty: STANISLAUS AUGUSTUS, 
King of Pol Ap. 

His Sacred Majeſty CHRIST 1 A N. vn. 


King of Denmark. N 


His Royal Highneſs WILL. HENRY Duke of Crbüettran 


cis moſt Serene Highneſs CHRISTIAN FRED. CHARLES ALEX. 5 
Margrave of BRANDENBURG ANnSPACH and BayREUTH. _ 


His moſt Serene Highneſs CHARLES WILLIAM FERDINAND 


Duke of BrxuNnswICk.. 


His moſt Serene Highneſs CHARLES Margrave of Banks. 2 


In moſt Serene Miles P E T b. R Duke of CoURLAND. 12 
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ib 4 Letter from) William Herſchel, Ef E. R. S. 
ineo 115 
IO SIR JOSEPH BANKS, BART. „ 
ind n 01 555 15 A1 ; 


J Europe it appears, that the new ſtar, which Thad the 


honour of pointing out to them in March, 1781, is a Primary 2 


Planet of our Solar Syſtem. A body ſo nearly related to us by 
its ſimilar condition and ſituation, in the unbounded expanſe of 


the ſtarry heavens, muſt often be tlie ſubject of the converſa- 
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the obſcrvations of the moſt eminent Aſtronomers in 


tion, not only of aſtronomers, but of every lover of ſcience in 
general. This conſideration then makes it neceſſary to give it 5 


a name, whereby it may be diſtinguiſhed from the reſt of the 


planets and fixed ſtars, 
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1 Mercy, Venus, Mars, Jupiter, 
the Phnets, as being the names of 8 Erde el ws 


"new heavenly body. 
in any future age it ſhould be aſked, when this laſt-found Planet 


In the Reign of King George the Third.“ As a philoſopher 
then, the name of GLORGIUM SIDUS preſents itſelf to me, as. 


an appellation which will conveniently convey the information of 


But as a ſubject of the beſt of Kings, who i is the liberal pro- 
tector of every art and ſcience ;—as a native of the country 
from whence this IIluſtrious Family was called to the Britiſh 
throne ; as a member of that Society, which flouriſhes by 


expreſſing my ſenſe of gratitude; by Swing! the r name x Georgians 
| uy, 


His auſpicious reign. 


* bs Abuse ages * ancient times the ppettons of | 


divinities . In the preſent more philoſophical æra, it would 
hardly | be allowable to have recourſe to the ſame method, and 
call on Juno, Pallas, Apollo, or Minerva, for a name to our 
The firſt conſideration in any particular 
event, or remarkable incident, ſeems to be its chronology : if 


was diſcovered ? It would be a very fatisfaftory anſwer to ſay, 


the time and country where and when it was brought to view. 


the diſtinguiſhed liberality of its Royal Patron ;— and, laſt of 
all, as a perſon now more immediately under the protection of 
this excellent Monarch, and owing every thing to His unli- 
mited bounty ;— ] cannot but wiſh to take this opportunity of 


Gergian Sidus 
en - jam nunc aſſueſce vocari. VIS. Georg. 


to a ſtar, which (with reſpect to us} firſt began to ſhine under 


* M. DE LA LANDE's Aft. 8639. 
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Sidus.. 
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Fg _ 
as Preſident of 

letter to you, SIR, — 
, = — the moſt effectual * — — — 
— to the Literati of Europe, h — — 
— — pleaſure. I have the honour 

will receive wi 

* reſpect, 


81, 
Your moſt i : 
and moſt obedient ſervant, 


W. HERSCHEL. 
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II. On the Piat and | Magnitude f the Georgium Sidus; 
At 4 Deſcription of the dark and lucid Diſt and Periphery 
Micrometers, By William Herſchel, E/q. F. . 
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Read November 7. 178 „ 


T is not only of the greateſt conſequence to the aſtronomer, 
but alſo gives the higheſt pleaſure to every intelligent per- 


* to have a juſt idea of the dimenſions of the ſolar ſyſtem, 


and the heavenly bodies that belong to it. As far then as they 


fall within the reach of our inſtruments, they ought carefully 
to be examined and meaſured by all tbe various methods we 
can invent. Almoſt every ſort of micrometer is liable to ſome 


inconveniences and deceptions: 1 it will, however, often happen, 


that we may correct the errors of one inſtrument by the oppo- 
ſite defects of another. The meaſures of the diameter of the 


Georgium Sidus, which were delivered in my firſt paper, differ 
conſiderably from each other. However, if we ſet aſide the 
three firſt, on a ſuppoſition (as I have hinted before) that every 
minute object, which is much ſmaller than what we are fre- 
quently uſed to ſee, will at firſt fight appear leſs than it really 
is; and take a mean of the remaining obſervations, we ſhall 

have 
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have 4 361% * the diameter of the planet. On comparing b 
the pram -h then with this mean, we find but two of them 
that differ ſomewhat more than half a ſecond from it; the reſt 
are almoſt all within a quarter of a ſecond of that meaſure. 
This agreement, in the dimenſions of any other planet, would 
appear very confiderable; but not being fatisfied, when I 
thought it poſſible to obtain much more accurate meaſures, I 
employed the lamp-micrometer in preference to the former. 
The firſt time I uſed it upon this occaſion I perceived, that if, 
inſtead of two lucid points, we could have an intire lucid diſk to 
reſemble the Planet, the meaſures would certainly be ſtill more 
compleat. The difficulty of dilating and contracting a figure - 
that ſhould always remain a circle, appeared to me very conſi- 
derable, though nature, with her uſual ſimplicity, holds out to 
us a pattern in the Iris of the eye, which, ſimple as it appears, 
is not one of the leaſt admirable of her inimitable works. 
However, I recollected, that it was not abſolutely requi- 
ite to have every inſenſible degree of magnitude; ſince, by 
| changing the diſtance, I could without much inconvenience 
make every little intermediate gradation between a ſet of circles 
of a proper fize, that might be prepared for the purpoſe. 
Intending to put this deſign 1 into Practice, I contrived. the fol- 
W apparatus. wh, 
A large lanthorn, of the tonftruQion of thoſe n ones 
hos are uſed with my lamp-micrometer *, muſt have a place for 
three flames in the middle, which is neceflary, in order that 
we may have the quantity of light required, by lighting one, 
two, or all of them. The grooves, inſtead of braſs ſliding 
doors, 'muſt be wide enough to admit a paſte-board, and three 
or four thickneſſes of paper. I prepared a {et of circles, cut 


Phil. Tranſ. vol, LXXII, p. 166. 
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5 * TY in the Diameter ant: 
. out in bade bord, increaſing by tenths of an ch Gen: two 
inches to five in diameter, and theſe were made to fit into the 
grooves of the lamp. A good number of pieces, ſome of white, 
others of light blue paper, of the fame ſize with the paſte- 
boards, were alſo cut out, and ſeveral of them oiled, to render 
them more tranſparent. The oiled papers ſhould be well 
rubbed, that they may not ſtain the dry papers when placed 
together. This apparatus being ready, we are to place behind 
the paſte-board circle, next to the light, one, two, or more, 
either blue or white, dry or oiled, papers; and by means of 
one or more flames, to obtain an appearance perfectly reſem- 
bling the diſk we would compare it with. It will be found, 
that more or leſs altitude of the object, and higher or lower 
powers of the inſtrument, require a different affortment of 
papers and lights, which muſt by no means be neglected: for 
if any fallacy can be ſuſpected in the uſe of this apparatus, it 
is in the degree of light we muſt lock for it. In a few experi- 
ments I tried with theſe lucid diſks, where I placed ſeveral of 
them together, and illuminated them at once, it was found, 
that but very little more light will make a circle appear of the 
| ſame ſize with another, which is one, or even two-tenths of 
an inch leſs in diameter. A well known and ſtriking inſtance 
of this kind of deception is the moon, juſt before or after the 
conjunction, where we may ſee how much the luminous part 
of the diſk projects above the reſt. 
The method of uſing the artificial diſks is the * which 
| has been deſcribed with the lamp-micrometer, of which this 
apparatus may be called a branch. We are only to obſerve, 
that the Planet we would meaſure ſhould be cauſed to go either - 


Nt paſt under, or juſt over, the illuminated circle. It may in 


| Magninat of the Se Sits, Ve. „ 
ufo be ſuffered to paſs acroſs it; but in this caſe, the lights 
will be ſo blended together, that we cannot eaſily form a pto- 
per judgement of their magnitudes. By a good ſcrew to the 
motions of my teleſcope I have been able, at any time, to keep 
the Planet oppoſite the lucid diſk for five minutes together, and 
to view them both with the moſt perfect and undiſturbed atten- 
tion. The apparatus I employed being now ſufficiently explained, 
ſeveral alterations that were occaſionally introduced will be 
mentioned in the obſervations and experiments on the Georgium 


Sidus, as they follow, | in the order of time in which they were 
made. 


Ofervations on the Light, Diameter, and Magn tude, f the 
—— Sidus. 


8 22, 1787. The Georgium Sidus was perfectly defined 
with a power of 227; had a fine, bright, ſteady light; 


of the colour of Jupiter, or approaching to the light of the 
Moon. 


Nov. 28, 1781. E — the Ader of the Georgium 
Sidus by the lamp-micrometer, and took one meaſure, which 
] was affured was too large ; and one, which I was certain was 
too little; then taking the mean of both, I compared it with 
the diameter of the ſtar, and found it to agree very well. | 


Image = = 2,4 inches _ 
Diſtance = 431 inchcs tang. ,005 5684; and 


EY 8”, 
Power = 227 6 


= the diameter 5% 6. But the evening was foggy, and 
the ſtar having much aberration, I was induced to try the 
above method of extreme and mean diameters, ſuggeſted by 


the 


Hence 


. biker adde Diameter oY 


il; the method of altitudes, 'whary two e d extremes 
=. you us a true mean. 
Hit Nov. 19, 1787. The Amer and 20 parts 5 my" * 
31 micrometer, the wires being outward tangents to the diſk. On 
ſhutting them gradually by the ſame light, they cloſed at 24; 
therefore the — parts, which, according to my 
ſcale, gives 5“ 2 for the diameter. This was taken with 
227, and the meaſure ſeemed large enough. Not perfectly 
pleaſed with my light, which was rather too ſtrong, I repeated 
the meaſure, and had 331 parts; then ſhutting the wires gra- 
dually, by his light way 4 cloſed at 25; the difference, which 
15 84 parts, gives 1 
Aug. 29, 1782. 15 po I ſaw the Georgium Sidus full as well 
defined with 460, as Jupiter would have been at that altitude 
with the ſame power. 
HG Sept. 9. 1782. Circumſtances bing favourable, I took a 
11 meaſure of, the diameter of the Georgium Sidus. with the power 
ind | of 460, and ſilk- thread ron After a "oe allowance 
for the Zero, I found 4” 11” 
11 Oct. 2, 1782. I had wa an appatatus of lucid diſks, 1 
| and meaſured: the diameter of the Georgium Sidus with it. 
ny Having only white oiled papers, I placed two of them toge- 
ther, and uſed only a ſingle lamp; but could not exactly imi- 
tate the light of the Planet. When I firſt ſaw the Sidus and 
luminous circle together, I was ſtruck with the different co- 
FE lours of their lights ; which brought to my recollection y An- 
wa dromedæ, e Bootis, « Herculis, 6 Cygni, and other coloured 
| 1 ſtars. The Planet unexpectedly appeared blueiſh, while the lucid 
diſk had a ftrong tincture of red; but neither of the colours 
were ſo vivid and ſparkling as thofe of the juſt mentioned ſtars. © 
I The 


F 
5 * * 
; ; . ＋ 


Abgas of the — Saat 5 
The diſtance of the luminous circle from the eye . 1 
always meaſure with deal rods) was 588, 25 inches. The circle 
meaſured 2, 35 inches. Hence we have the angle 17 44; 
which, divided by the power 227, gives 3,63 for the diameter 
of the Planet. I ſuſpected ſome little fallacy from the want of 
a perfect reſemblance in the light and colour of the artificial 
diſk to the real appearance of the Planet. 

Oct. 4, 1782. I meafured the diameter of the Georgium 
Sidus again, by an improvement in my apparatus, for I now 
uſed pale blue papers, ' both oiled and plain, inſtead of white; by : 
which means I obtained a reſemblance of colours; and by an 
affortment of one oiled and two dry papers with two lamps 
burning, I effected the ſame degree of light which the Planet 
had, and both figures were equally well defined. By firſt 
changing the diſk, and, when I had one which came neareſt, 
changing my diſtance, I came at a perfect equality de. 
tween the Planet and diſk. The meaſure was ſeveral times - 


repeated with n precaution. The reſult was — 7 — 


692,6 
IE 35 = 7, 6. If any thing be wanting to 


the perfection of this meaſure, it is perhaps that the Sidus 
| ſhould be in the meridian, in order to have all the advantages 
of light : and diſtinctneſs. 5 
O. 10, 1782. 2The- meaſures of the Planet by the lucid 
diſk micrometer appearing to me very ſmall, I reſolved to aſcer- 
tain the power of my teleſcope again moſt ſcrupulouſly, by an 
actual experiment, without any deduction from other princi- 
ples. On a moſt convenient and level plain I viewed two ſlips 
of white paper, and meaſured their images upon a wall. The 
diſtances were meaſured by deal rods, every repetition whereof 


VoL. LXXIII. 


,0040283 3 and 23 


C Was 


1 16 ; - Mf:biflerencionr.:0d be" Miter aids : 

1 Was certainly: true to half a tenth of an inch; nor aid the 
direction of the meaſure ever deviate, ſo much as two inches, 
from 2 ieh line. 


Diſtance of the objet Cm the eye in inches #7255, 5 1 
Diſtance of the eye from the vertex of the ſpe- 


. culum — l 
| Diſtance of the vertex ** the bauen 8 
Ahe object „ „ 733½% 
5 Diſtance of the eye. tom the wall ö,» S068] 
Diameter of the Fo” OR v ˙ v "I 
Diameter of the ſmalleſt „ 507 5 
Image of the largeſt paper on tha mall e 
Image of the ſmalleſt on the ſame = 
Angle ſubtended by the large paper at ta: vertex 
N of the ſpeculum 27”, 87 
| Angle ſubtended by its image on the wal, at the 
{ | eye 1 49 26% 4. 
1 Power of the teleſcope deduced "ory the large paper 23 5.6 
19 Angle ſubtended by the ſmall paper at the vertex 
9x the ſpeculum 14 527. 
my Angle ſubtended by Its image on the wall, at the 
4 1 5 eye, 5640, 9, 
| | ö Power of the teleſcope deduced from the ſmall paper 2 38. 8 
Mean of both experiments, as being equally good 207; 
Focal length of the ſpeculum * thoſe — 86,1625 
| | Upon Capella - 835,2 
1 | And 237 diminiſhed in the ratio 1 8 "=" BR 
14 86,1625 gives 234, 3 for the power of the inſtru- 
| Fj  - ment upon the fixed ſtars, 


It 


| Magmiude of the Georgium Sidus, Cc. Wa” 
It appears then, from theſe experiments, that the powers oft 
the teleſcope has not been over rated; and that, therefore, the 
meaſures of the m Sidus cannot be — too {mall on 
that account. | | 
There is one cauſe of- 1 Indccutary or W in very ſmall 
meaſures, long ſuſpected, but never yet ſufficiently inveſti- 
gated. That there is a diſperſion of the rays of light in their 
_ paſſage through the atmoſphere, we may admit from various | 
experiments; if then the quantity of this diſperſion be, in ge- 
neral, regulated by certain diſpoſitions of the air, and other 
cauſes, it will follow, that a concentration may alſo take place: F 
for ſhould the rays of light, at any time, be leſs diſperſed than 
uſual, they might with as much reaſon be ſaid to be concen- 
trated, as the mercury of a thermometer 1s ſaid to be contracted 
by cold, when it falls below the zero. 8 
O8. 12, 1782. The night was fo fine, that I 5 the G 
gium Sidus very plainly with my naked eye. I took a meaſure 
of its diameter by the lucid diſk, and found, that I was obliged 
to come nearer, as the Planet roſe higher, and r more dif- 
| tinct light. At the altitude of ets 1t was as follows : 


35415 | 
FTE = ,0046698 ; Y and :* = 24,24. 


"08. In. 1782. 16 h. 1 viewed the Georgium Sidus with 
ſeveral powers. With 227 it was beautiful. Still better with 
278. With 460, after looking ſome time, very diſtinct. 1 
perceived no flattening of the polar regions, to denote a diurnal 
motion; though, I believe, if it had had as much as Jupiter, 
I ſhould have ſeen it. With 625 pretty well defined. 

Oct. 19, 1782. The inconvenience ariſing from the quan- 


tity of light « contained i in the lucid diſk, ſuggeſted to me the 
C : " 0p —— 
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12 — HERSCHEL on the Diener: and 


idea of taking only an illuminated periphery, inſtead of the 
area of a circle. By this means I hoped to ſee the circle well 
defined, and yet have but little light to interfere with the ap- 
pearance-of the Planet. The breadth of my lucid periphery 
was one- page of an inch. The reſult of this meaſure 


= proved — 


76 —4 W and = — — TT 


Oct. 26, 1782. In my laſt 4 I found the lucid pe- 
riphery much broader than I could have wiſhed ; therefore, I 
prepared one of no more that” one-fortieth part of an inch in 
breadth, the outer circle meaſuring very exactly 4, oo, and the 
[| | inner circle 3,95. With this ſlender ring of light illuminated 
f 1 15 with only one ſingle lamp, I meaſured the Georgium Sidus, by 


| | | removing the teleſcope to various diſtances ; ; and found at laſt 
1; | | | 4, 3' 18,6 | 
the following reſult : —_— * 1 38720; and 3 2 — 551. | 


Nov. 4, 1782. **. now fully convinced that light, be it in 
the form of a lucid circle, or illuminated periphery, would 
always occaſion the meaſures to be leſs than they ſhould be, on 
account of its vivid impreſſion upon the eye, whereby the mag- 

nitude of the object, to which the Planet was compared, would 
be increaſed. It occurred to me then, that if a lucid circle en- 
C roached upon the ſurrounding darker parts, a lucid ſquare bor- 
78 = der, round a dark circle, would in its turn advance upon the 
artificial diſk. In my laſt meaſures, where the Planet had been 
compared to a lucid ring, I had plainly obſerved that the Sidus, 
which was but juſt equal to the illuminated periphery, was 
conſiderably larger than the black area contained within the 
Ting. This ſeemed to point out a method to diſcover the quan- 
tity of the deception ariſing from the illumination; and conſe- 


quently, to furniſh us with a correction applicable to fuch mea- 
4 


ſures; 


4 Gp tO ARA In Bo. er, Wa. 


ene of the Georgium Sidus, Sc. 13 
ſures; which would be plus, when taken with a lucid diſk 


or ring; and minus, when obtained from a dark ring 
or circle. Having ſufpended a row of pafte-board circles 
againſt an illuminated ſheet of oiled paper, I cauſed the Gear- 
gium, Sidus to paſs by them ſeveral times, and ſelected from 
their number that to which the Planet bore the greateſt reſcm- 


blance in magnitude. 1 produced a perfect equality by ſome 


ſmall alteration of my diſtance, and the reſult was as follows: 


3,165 7 9 2 
rags = ,0049925 : hence = =4",53- 


I was defirous of ſeeing what would be the effect of leflening 
the light of the illuminated frame, againſt which the dark 
diſks were ſuſpended, and alſo waited a ſhort time that the Planet 
might riſe up higher. The meaſure being then repeated at a 
different diſtance, and with a different black diſk, I obtained 
the following particulars : 


3,59 
803,05 


I intend to purſue theſe a fit farther, eſpecially 


1 * ot 


= ,0044704 3 ; and 


* 4,0 


in the time of the Planet's oppoſition, and am therefore un- 


willing as yet to draw a final concluſion from the ſeveral mea- 
ſures. In a ſubject of ſuch delicacy we cannot have too many 
facts to regulate our judgement. Thus much, however, we 
may in general ſurmiſe, that the diameter of the Georgium 
Sidus cannot well be much leſs, nor perhaps much larger, 
than about four ſeconds. From this, if we will anticipate 
more exact calculations hereafter to be made, we may gather 
that the real diameter of that planet muſt be between four and 
five times that of the earth: for by the calculations of M. DE 


LA LANDE, contained in a letter he has favoured me with, the 


diſtance of the Georgium Sidus is ated at 18,913, that of the 
earth 


14 _ Mr. aERsenH en the Diameter, & c. 
earth being 1. And if we take the latter to be ſeen, at the 
ſun, under an angle of 17“, it would ſubtend no more than 
„898, when removed to the orbit of the Georgium Sidus. 

Hence we obtain Is = 4,454; which number expreſſes how 

much the real diameter of the Georgium Sidus exceeds that of 
the earth. 
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III. Concluſion of the Experiments and Obſervations concerning the 
Attractive Powers of the Mineral Acids. By Richard Kir- 
Wan, E. F. R. . | 


Read Dec. 12, 200% 


AV ING found, as exactly as I was able, the quantity of 
II caxchof the mineral acids taken up at thie point of ſatu- 
ration by alkalies and earths, and alſo that taken up by phlo- 
giſton, when theſe acids are by it converted into an aerial form, 
I next endeavoured to find how much of theſe acids was taken 
up at the point of ſaturation by each of the metallic ſubſtances, 
and. for this purpoſe procured the moſt ſaturated ſolution poſſi- 
ble of each metallic ſubſtance ſoluble in any of theſe acids. 
Theſe ſolutions did not, indeed, immediately anſwer | my pur- 
poſe, as they conſtantly retained an exceſs of acid ; yet as they 
were the foundation of my ſubſequent obſervations, and as the 
experiments themſelves are in many reſpects uſeful to be known, 
I ſhall here briefly relate their reſult, and confine myſelf to 
thoſe circumſtances ſingly that relate to my future inveſtiga- 
tions, or that have not heretofore been ſatisfactorily explained. 


| The acids I uſed were dephlogiſticated ſo far as to be colourleſs ; 


the metals were for the moſt part very fine filings, or reduced 
in a mortar to a fine powder. They were added little by little 
to their reſpective menſtruums, much more being thus diſſolved 
than if the whole was thrown in at once; and the ſolution 
was performed in glaſs phials with bent tubes. | 
5 Salution 


—— 
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| 
Solution of iron in the vitriolic acid. 

| 100 grs. of bar-iron, in the temperature of 56˙4 require for 

their ſolution, 190 grs. of real acid, whoſe proportion to that 

of the water with which it ſhould be diluted, is as 1 to 8, 10, 


or 12. It would act on iron, though its proportion were 
greater or leſſer, but not ſo vigourouſly. If towards the end a 


heat of 200 were * 123 grs. of real acid would be 
ſufficient. 


The air produced by t this ſolution i 15 intirely inflammable, and 
generally amounts to 155 cubic inches. | 

Iron is alſo ſoluble with the affiſtance of a ſtrong heat, and | 
in ſmaller quan tity in concentrated vitriolic acid ; and in this 


caſe ſcarce any inflammable air is produced, but a large quan- 
tity of vitriolic air as Dr. PRIESTLEY has obſerved, and a ſmall 
quantity of ſulphur ſublimes at the latter end. This fact is a 
clear refutation of Mr. LavoisEr's hypotheſis ; : for is it not. 
evident, that the ſame ſubſtance which, when a dilute acid is 
uſed, goes off in the form of inflammable air, does when 
a concentrated acid is uſed, to unite this acid, and thus 


form both vitriolic air and ſulphur? In the firſt caſe it 


cannot unite to the acid, by reaſon of the large quantity 


of water combined with the acid; and as the liquor, being 
moſtly aqueous, contains a large quantity of ſpecific fire, 


it receives that fire when the acid unites to the metallic 
earth, and flies off in the form of air. But in the ſecond caſe, 
the concentrated acid, containing much leſs ſpecific fire, can- 


not expel the phlogiſton in the form of inflammable air (as 
this air abſorbs a vaſt quantity of fire) but unites to it, when 


by heat it is further ſtripped of its water, and thus forms both 


100 
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nie air and ſulphur. 100 grs. of 7800 diſſolved without 
heat, afford upwards of 400 of vitriol. 

+» Too grs. of the vitciol cryſtallized contain 25 1 1 iron, 20 of 


real acid, and 55 of water. When calcined * to redneſs 
theſe cryſtals loſe about 40 of water. 
The calces of iron are more. or leſs Goluble in this acid 
ting to their degree of dephlogiſtication. Thoſe that are 
phlogiſticated (as that recently precipitated from a ſolution of 
vitriol by fixed alkalies) are alſo moſt ſoluble, and upon eva- 
-poration afford cryſtals, though paler than thoſe formed of ge- 
nuine iron. Thoſe that are leaſt phlogiſti 1cated are alſo leaſt 
ſoluble, Aba is, require more real acid for their ſolution, and 
afford no cryſtals, but only à magtna or mother liquor. Hence 
alſo, ſolutions of iron newly made: diminiſh, and conſequently 
phlogiſticate the ſuper-iricumbent air, and conſequently gra- 
dually emit phlogiſton: and hence the calx, being more de- 


phlogiſticated, Oey falls unleſs more acid be added to * . 


it in n. 


1 — 


bel in hi ils atk.” 


100 Ers. of i iron, to be perfectly difſolved, and not barely 
Ws require 142 rs. of real nitrous acid, ſo diluted as 
that its Proportion to water ſhould be as 1 to 13 or 143 and 
when this laft proportion is uſed, the heat of a candle may be 
5 applied for a few ſeconds, and the acceſs of common air pre- 
vented, In this caſe not above 18 cubic inches of nitrous 
air are produced, all the reſt is abſorbed by the ſolution, 
and no red vapours appear. But if the proportion of acid 
and water be as 1 to 8 or 10, and heat be applied, a much 
greater quantity -of iron will be dephlogiſticated, though 
very little of it be held in ſolution; ; and by this. means 


7 have obtained from 100 grs. of iron, 8 3.87 cubic inches 
Vor. LXXIII. D of 
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of nitrous air; and by diſtilling the ſolution a ſtill greater 
quantity may be obtained, which was abſorbed by the ſolution. 
No inflammable air is obtained from ſolutions of iron or 
any other metallic fubſtance in the nitrous acid, becauſe this 
acid has leſs affinity to water, and more to phlogiſton, than 
the vitriolic acid, and alto contains much leſs fire than either 
the vitriolic or marine acids, as will be ſeen in the ſequel, and 
therefore unites to phlogiſton inſtead of barely expelling it. 
And hence it is, that the vitriolic acid, though ufated with 30 
times its weight of water, will {till viſibly act on iron, and ſepa- 
rate inflammable air in the temperature of 55 whereas nitrous - 


the precipitate of genuine iron 1s green: iſh. 


acid, diluted with 1 5 times its weight of water, will hae no 
| viſible effect on iron in that temperature. 

i The calces of iron, if not too much eee. 5 are 
. alſo ſoluble, —_— — in the nitrous s acid. 

| leni in the marine acid. 

þ too grs. of iron require 21 5 of real marine acid for their 
| ſolution. The proportion of acid to that of water in the ſpirit 
. of ſalt I uſed was as 1 to 4. When it is as 1 to 4, it efferveſces 

1 too violently. Heat is rather prejudicial, as it volatiliſes the acid. 

[ | No marine air flies off, and the quantity of inflammable : air is 

| juſt the ſame as if dilute vitriolic acid were uſed. þ 

is The calces of iron are alſo ſoluble in marine acid. They 
iq may be diſtinguiſhed from genuine iron in this, that their 
| | { colour, when precipitated by fixed alkalies, is reddiſb, whereas 
4 


Copper in the vitriolic acid. | 


100 grs. of copper require nearly 183 grs. real vitriolic acid 
for their ſolution. The proportion of acid to that of water 
4 Es being 


| of vitriolic air. 


S tion or ſlight calcination. 
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being as 1 to 4, or at leaſt as 1 to 2, and a ſtrong heat muſt 
alſo be applied. I could never diffolve the whole of any quan- 
tity of copper; but to diſſolve a given quantity of it, a ſtill 
greater muſt be uſed in the proportion of nearly 28 to 100, 
though this reſiduum alſo is ſoluble by adding more acid. 
When copper has been dephlogiſticated in this manner, a ſolu- 
tion of it is obtained by * warm water to the rn 
cated maſs. 
The dephlogiſtication of 128 grs. of copper . in this 
manner affords 11 cubic inches of inflammable air, and nearly 65 
When I obtained inflammable the acid was a 
little more aqueous. The reaſon why copper cannot be dephlo- 
giſticated by dilute vitriolic acid, nor even by the concentrated, | 
without the affiſtance of a ſtrong heat, as iron is, appears 
deriveable from its much ſtronger attraction to phlogiſton, and 
the much greater quantity of it which * en, as will 
hereafter be ſeen. Hence 
100 grs. of vitriol of copper contain 2 7 of copper, 30 of 
acid, and 43 of water, of which it loſes about 28 by . 


The ſolution of 100 grs. of copper affords 373 of blue 
vitriol. 


Copper in nitrous acid. 


100 grs. of copper require 130 of real nitrous acid to diſſolve 
them. If the acid be fo far diluted as that its proportion to 
that of water be as 1 to 14, the aſſiſtance of heat will be necef- 
ſary, otherwiſe not. This ſolution affords * cubic moms of 
nitrous air. 
The calces of copper are 1 ſoluble i in this 1 

Dz Copper 
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age. in marine ea 


i 100 5 grs. of copper require 1190 grs. of 4 marine i to 
diflolve them, and alſo the aſſiſtance of a moderate heat, the 
proportion of acid to that of water being as 1 to 42, that is, 
its ſpecific gravity being 1,186, if a greater heat be uſed, more 
of the acid will be requiſite, as much will be diſſipated. If the 

acid · be more concentrated, it will. act more vigorouſſy. 
In my laſt paper! mentioned, that 81 grs. of copper afforded 
$6 of marine air: however, I muſt now add a circumſtance. 
which then did not attend to, which is, that the mercury 
over. which that air was received was ated upon, fo that part of 
the air was due to this action, which invalidates the con cluſion 
I there drew concerning the quantity of phlogiſton in marine 
air, which hence appears to be greater than I there eſtimated it. 
The calces of copper are alſo ſoluble in * acid, though, not; 
fo ry as in the nitrous . ä 


Ti in in as uri acid. 


100 o grs. of tin i require fer their perfect ſolution 872 gro. of 
real vitriolic acid, whoſe proportion to water ſhould not be leſs 
than as 1 to , and alſo the aſſiſtance of a ſtrong heat; when 
the action of the acid has ceaſed, ſome hot water ſhould be 
added to the turbid ſolution, and the whole again heated. This 
ſolution; affords 70 cubic inches of inflammable air. Tin is alſa 
ſoluble in more dilute acid, but not in fo great quantity. 

The calces of tin (except that precipitated. from. marine: acid 
by fixed ae are inſoluble in this acid. 


Tin 


Mg ? 
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n in the nitrous acid. 


k 1 


- 100 grs. of tin require, for rheir perfect ſolution, 1200 gr rs. 
of real nitrous acid, ' whoſe proportion to water ſhould be at 

leaſt as 1 to 25, and the heat not exceeding 60: the quantity 

of air afforded. by ſuch ſolution is only ten cubic inches, and it 

is not nitrous. . The ſolution 1 is not permanent; for in a few: 

days it depoſits. a whitiſh. calx, and if the weather be warm. 

burſts the — The calegs of. tin are inſoluble in this acid. 


Tin 1 in the marine e acid... 


* N 


roo grs. of tin require for their ſolution 41 3 of real marine 
acid, whoſe, proportion to water is as 1 to 43, and alſo the 
aſſiſtance of a moderate heat. This ſolution affords about 90 
cubic inches of inflammable air and 10 of marine air.. The 
calces of tin are nearly inſoluble in this acid... . : 


Lead i in the: vi itriolic acid. 


100 grs. of lead require for their ſolution: 600 grs. of real 
acid, whoſe proportion to water is not leſs than that of 1 to 
De, and better if the quantity of water be ſtill leſs; and 
hence, as with regard to copper, a. greater quantity of lead 
ſhould be employed than is expected to be diſſolved. A ſtrong 
heat is alſo requiſite, and hot water ſhould be added to the cal- 
cined maſs, though {paringly, as: it occalions ſome precipita - 
tion. 

This metal is alſo ſoluble, but in a very ſmall degree, in 
dilute vitriolic acid; for it efferveſces with ſpirit of vitriol 
whoſe * gravity is only 1 527 5» 
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The calces of lead are ſomething more ſoluble in this acid. 
100 grs. of vitriol of lead, formed by precipitation, contains 
73 of lead, 17 of real acid, and 10 of water. Vitriol of lead, 
tormed by direct ſolution, contains a large proportion of acid. 


Loud 5 in the nitrous acid. 


100 grs. of lead require for their ſolution about 78 ors. of | 
real acid, whoſe proportion to that of water may be as 1 to 11 
or 12, and the aſſiſtance of heat towards the end. This ſolu- 5 
tion affords but eight cubic inches of nitrous air. The calces 
of lead are alſo ſoluble in this acid; but if much dephlogiſti- 
cated they become leſs ſoluble. 
100 grs. of minium require 8 1 grs. of real acid. 
100 * of nitrous ſalt of lead contain about 60 of lead. 


Lead i in the marine acid. 


1000 grs. if lead require 600 grs. of real acid to diflolve | 
them, when the ſpecific gravity of the ſpirit of ſalt is 1,141, 
and alſo the aſſiſtance of heat, by which much of the acid is 
diſſipated. A ſtronger acid would diſſolve more. 
The calces of lead are more ſoluble 1 in this acid than genuine 


lead. 100 grs. minium require 327 grs. of real acid; but - 
white lead is much leſs ſoluble. 


100 grs. of horn lead, formed by precipitation, contain 72 ; 
of lead, 18 of marine acid, and 10 of water. 


Silver in the vitriolic acid. 


100 grs. of pure ſilver require to diſſolve them 5 30 grs. of 
real vitriolic acid, whoſe proportion to water 1s not leſs than 
that of 1 to , and when ſuch a concentrated acid is uſed, it 
acts ſlightly even in the temperature of 60; but for a copious 


| ſolution 
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ſolution a moderate heat is requiſite. This ſolution affords 30 
cubic inches of vitriolic air. Standard filver affords more air 
and requires more acid for its ſolution. The calces of filver 
(that is, filver precipitated from its ſolution in nitrous acid by 
fixed alkalies, and well-waſhed, but which ſtill retains ſome ni- 
trous acid), are ſoluble even in dilute vitriolic acid, without the 
aſſiſtance of heat. 100 grs. of vitriol of ſilver, formed by pre- 
cipitation, contain 74 gts. of liver, about 17 of real acid, and 
9 * water. | 


Silver in the nitro us acid. 


100 ors. of the pu reſt ſilver require for thr "TRAY 45 of 
mere nitrous acid, diluted with water in the proportion of one 
part real acid to 6 of water, applying heat only when the ſolu- 
tion is almoſt ſaturate. If ſpirit of nitre be much more or 
much leſs dilute, it will not act without the aſſiſtance of heat. | 
The laſt portions of filver, thus taken up, afford no air. Stan- 
dard f Iver requires about 38 grs. of real acid to diſſolve the ſame 
proportion of it. And the ſolution of it affords 20 cubic inches 
of nitrous air, whereas 100 grs. of ſilver, revived from luna 
cornua, afford about 14. 


Silver in the marine acid. 


I have not been able to diſſolve filver, in its metallic ſtate, in 
ſpirit of ſalt, yet I believe it may be effected, if ſufficient time 
be allowed, as Mr. BAYEN, in his Treatiſe on Tin, p. 201. 
lays, he diſſolved 31 grs. of filver by digeſting it for ſome days 
in two ounces of ſtrong ſpirit of ſalt. Leaf filver is alſo ſaid to be 
corroded by ſtrong ſpirit of ſalt, 1 xEwM. 70. The dephlogiſti- 
cated marine acid alſo diſſolves it, according to the obſervations. 
of Meſf. $CHEELE and BERGMAN : and fo does the phlogiſti- 
cated 
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cated in a vapotous ſtate. 100 grs. of horn e ee 
of boat oh of: acid, and 7 07: water. 10 290; 2090 
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1. made enk experiments with aqua regia, in which thi 
nitrous and marine acids were mixed 1n different proportions, 
and found that to ſueceed beſt, in which the quantity of real 
marine acid was to that of the nitrous as 3 to 1, and both as 


concentrated as pothble ; ; though if both be very concentrated, 


"TELE 


it 5 hard to dey them ſo as to prevent a great quantity f from 


103; 


2 8 0 eſce \ very Violentiy ſome time alter mix- 4 


tion, 2 two A” being in \ the above Wendenel f proportion. | | 
The ſpecific gravity of t the nitrous acid I uſed v was 1,465, and 
that of the marine 1,178. The ſolution i 18 better promoted by - 
allowing it ſufficient | time than by applying heat. The heat I 
uſed did not exceed 90 or 100%. Very little air is produced, and 
the ſolution i is very flow. Aqua regia made with. common ſalt 
or ſal ammoniac and ſpirit of nitre is much leſs aqueous, than 
that reſulting from an immediate combination of both acids; 
and hence is the fitteſt for the production of cryſtals of gold. 
Gold is alfo ſoluble in the dephlogiſticated marine acid, but 
in very ſmall quantity, unleſs this acid be in a vaporous ſtate, 
for in a liquid ſtate it is too aqueous. In vitriolic and nitrous 
acids it is alſo inſoluble; but the calces of gold are eaſily ſolu- 
ble in the marine acid, very lightly in the nitrous, and ſcarce 
at all in the vitriolic. Gold in its metallic ſtate may be diffuſed 


through, but not diffoly ed, by the concentrated nitrous acid. 
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-2x00 ons. * . require for their n 2304 gra. * 
* vitriolic acid, whoſe proportion to that of water is at leaſt 
as 1 to , and alſo a ſtrong heat. The air produced is 
vitriolic. Precipitate, per ſe, is {till leſs ſoluble. 
100 grs. of vitriol of mercury, produced by precipitation 
contain 77 of mercury, 19 of acid, and 4 of water. 


Mercury i in f nitrous acid. 


100 > grs. of mercury are diflolved by 28 grs. of 4 nitrous 
acid, whoſe proportion to that of water is as 1 to 1 and .* * 
and without the affiſtance of heat. Mercury is alſo ſoluble, 
but in ſmaller quantity, in a much more dilute acid, with the 
aſſiſtance of heat. The product of air is about 12 cubic inches 
or leſs, if heat be not applied. Mr. LAvolsTER found the pro- 
duct of air much greater, which evidently was cauſed by his 
uſing red or yellow ſpirit of nitre, which already contains much 
phlogiſton. When I diflolved a hundred grs. of mercury in 
three times more acid than was neceflary for its ſolution, and 
without heat, I obtained but 7 cubic inches of nitrous air, and 
the ſolution was green ; but, on applying heat when the ſolu- 
tion was over, I obtained 2 more cubic inches, and then the 
ſolution was of the colour of oil of olives. 
Precipitate, per fe, is much more difficultly diſſolved by 
nitrous acid than genuine mercury, which I attribute to the 
attraction of the aërial acid contained in the precipitate. 


Mercury in marine acid. 


The marine acid, in its common phlogiſticated ſtate, does 
not act on mercury, at leaſt in its uſual ſtate of concentration; 
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but Mr. nonnRRO, in the Paris Memoirs for the year 1700, 
aſſures us, he diſſolved mercury in marine acid, whoſe ſpecific 
gravity Was 1; 30o, by keeping it ſome months in digeſtion.” The 
authors of the Cours de Chymie de Dijon affirm alſo its ſolubility 
in this acid, though in very ſmall quantity. The dephlogiſti- 
cated marine acid, in a vapourous ſtate, certainly acts upon it, 
though while in a — ſtate it is too weak, oy reaſon of its 
dilution. 
Precipitate, per fo, 1 is alſo soluble im marine acid, with the 
aſſiſtance of heat. 100 grs. of ſublimate corroſive contain 77 
of mercury, 16 of real acid, and 6 of water. 100 grs. of 
mercurius dulcis contain 86 of mercury, and 14 of acid and 
water. T0 EH, 


Zinc in vitriolic acid. 

100 grs. of zinc require for their folution 100 grs. of real 
acid, whoſe proportion to that of water may be as 1 to 8, 10, 
or 12, applying heat towards the end, when the acid is almoſt 
ſaturated. A ſmall quantity of black powder always remains 
undiſſolved. The product of inflammable air is 100 cubic 
inches. It is foluble i in the concentrated vitriolic acid, with the 
aid of heat. 


100 grs. of vitriol of ZINC contain 20 of zinc, 22 of acid, 
and 58 of water. | 


The calces of zinc, if not exceeding] ly dephlogillcared; are 
fo ſoluble in this acid. 


Zinc in nitrous acid. 


100 grs. of zinc require for their ſolution 12 5 grs. of real 
nitrous acid, whoſe proportion to that of water is as 1 to 12, 


applying from time to time a ſlight heat. If a concentrated acid 
2 | he 
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be wed; lefs will be diſſolved, as much of the acid will 1 ſcape 


during the efferveſcence I could procure no nitrous air from 
the ſolution by. any. Management, as the nitrous acid is in ou 
decompoſed during the operation. 3 

The calces of zinc, if r * too mucli dephtogiltcated, are 
alſo ſoluble in this acid. * 


2 nc in « Marin Acid, 


The 1. quantity of zinc requires of this acid 210 gin 
the proportion of real acid in the menſtruum being as 1 to 9, 
and uſing from time to time a ſlight heat. If a leſs dilute acid 
be uſed, more real acid will be requiſite, as much of it will 
eſcape during the efferveſcence. mae 


The calces of Zinc are alſo ſoluble i in this ach... 


Bi Biſmuth in — 5 


200 grs. of oil of vitriol, whoſe ſpecific gravity was 1,86 3s 
diſſolved but three grs. of wiſmuth in a ſtrong heat; but 
ſlightly dephlogiſticated a greater quantity. 400 grs. of ſpirit 
of vitriol, whoſe ſpecific gravity was 1,200, diſſolved but one 
grain. The calces of wiſmuth are much more ſoluble. "The 
lolution of the 3 s. afforded 4 cubic inches of vitriolic air. 


IMP 


B. jſmuth i in nitrous acid. 


The ſolution of 100 grs. of biſmuth require but 100 grs. of 
real nitrous acid, whoſe proportion to water ſhould be as 1 to 
8 or 9. In this laſt caſe, a gentle heat may be applied. This 
ſolution affords 44 cubic inches of nitrous air. The calces of 
biſtauth are alſo foluble in this acid. = 


E 2 Biſmuth 
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400 yrs. of on int of falt, whoſe hack gravity * bre 
diffolved ooly, 3or 4 grs. of biſmuth. : * 15 N 
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100 grs. of concentrated vitriolic acid diſſolve about 4 of 


nickel, with the aſſiſtance of a ſtrong * The _ of 
* are * more — n 10 43171 ; of 


-_ 
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N ickel i m nitrous acid. 


* 


100o gts. of nieker require for their autsen 112 grs. of ni- 
| trous acid, whoſe proportion to water is as 1 to 11 or 12, 
aſſiſted with a moderate heat. A concentrated acid acts fo rapidly 
that much is diſſipated. The product of nitrous air is 79 cubic 

inches. The calces of nickel are alſo ſoluble i in this acid. 


4 - 


'' Nickel in marine acid.” 
- t n 
20 * "of Siri of falt, whoſe recibie i 18 1,220, 
diffolved 4 Or 5 grs. of nickel, without the aſſiſtance of heat. 
A weaker acid diflolves leſs, and requires the aſſiſtance of heat. 
In all theſe caſes of difficult ſolution more of the metal will be 

taken up by diſtillation and cohobation ; but the proportion will 

be difficult to aſſign. 


The calces of nickel are re af difficulty foluble in this acid. 


" 1 


Cobalt in vitriolic acid 


100 grs. of cobalt require 450 grs. of real acid, whoſe pro- 
portion to its water is not leſs than 1 to e, and a heat of 
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maſs a 1 18 n 
The calces of cobalt are ll more ſoluble even a dilute 


acid will ſerve. 
Co bait i in 8 acid. 


100 | grs. of cobalt requires 220 Br. © of real nitrous acid, 


whoſe proportion to water is as 1 to 4, giving towards the end 
a heat of 180˙ 


The calces of cobalt are n in this acid. 
Cobalt i in marine acid. 


100 grs. 4 8 of ſalt, whoſe ſpecific gravity is WY 
diflolves, with. the aſſiſtance of heat, 21 grs. of cobalt. A 
more concentrated acid will diſſolve more. | 

The calces of cobalt are more ſoluble i in this al, 


; Regulus of antimony in vitriolic acid. 


100 grs. of regulus of antimony require for their ſolution 
725 grs. of real acid, whoſe proportion to water is as 1 to , 
and a heat of 400% More regulus ſnhould be employed than is 
expected to be diſſolved, and the reſulting ſalt requires a large 
quantity of water to diſſolve i it; for the concentrated acid lets 

fall much when water is added to it. A leſs concentrated acid 
will alſo diſſolve this ſemi- metal, but in ſmaller quantity. 

The calces of antimony, even diaphoretie antimony, are 
ſomething more ſoluble. 


Regulus of antimony in nitrous acid. 
100 grs. of this ſemi- metal require 900 grs. of real nitrous 
acid, whoſe proportion to water is as 1 to 12, aided with a 
heat 
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beat of 110˙r The ſolution, however, becomes tur 
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fow days. Lou -O 
The caltes of antimony are folable 3 in a dc ber e 


Regulus of antimony in marine acid. 


 Teogrs. of ſpirit of ſalt, whoſe eig gravity is 1s 1,220, diflolve 
about 1, gr. of regulus, with the aſſiſtance of a flight heat. Spirit 


of falt, whoſe ſpecific gravity is 1 ,178, alſo acts upon it, but 


diſſolves ſtill leſs. 'T believe the concentrated acid would, in a 
long time, and with the  lulp © of 0 en heat, eee much 
more of it. 8 | 

The calces of antimony are much more Gluble in this acid. 


act 


+ Regulus of arfenic i in vitrioli acid. 


200 grs. of oil of vitriol, whoſe ſpecific gry 1s 1 871, 
diflolve 18 of regulus of arſenic in a heat of 250 Of theſe 
about 7 cryſtalize on cooling, and are ſoluble in a large quan- 
tity of water. 2 

The calces of arſenic are more Gluble in this acid. 


| Regulus of arſenic in nitrous TY 


100 grs. of this ſemi-metal require 140 grs. of real nitrous 


acid, whoſe proportion to water is as 1 to 11, and the aſſi ſtance 


of heat. It is ſoluble in. a leſs or more concentrated acid, but 
in a lefler degree. This ſolution affords 102 cubic inches of 
nitrous air. The barometer at 30, and the thermometer at 60. 
Tphe calces of arſenic are alſo ſoluble 1 in this acid. : 


Regulus vs arſenic is in marine acid. 


100 grs. of ſpirit of ſalt, whoſe ſpecific gravity is 1,220, 
diſſolve 13 grs. of regulus of arſenic; the marine acid, in its 
pe Fe common 


e 
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commdn dilute ſtate, that i is, whoſe — * is under 
1,17, does not at all affect it. 
The calces of arſenic are leſs ſoluble in this acid Ry m che 


vitriolic or nitrous. 


4 


We have now gone thivegh moſt of the baſes to which nh 
are capable of uniting (manganeſe and platina I have purpoſely 
omitted, as I was not poſſeſſed of a ſufficient quantity of either 
in that degree of purity requiſite for exact experiments). We 
have alſo feen the quantity of the mineral acids requiſite to 
ſaturate each baſis, except the metallic baſes, all of which 
require an exceſs of acid, not only to diſſolve them, as in moſt 
caſes much of it flies off with the phlogiſton in an aerial form, 
but alſo to keep them in ſolution. The quantity of any baſis, 
taken up by a given quantity of any of theſe acids, is eafily 
found; for if 100 grs. of any baſis take up, at the point of 
ſadturation, or require for their ſolution, the quantity @ of any 


acid, the quantity taken * or diſſolved by 100 L of that 


a be - 


The at of ingredients which I have aff igned to dif- 
ferent neutral falts appears, at firſt ſight, very different frora 
that which Mr. BERGMAN has aſcribed to them. This for 
ſome time made me very uneaſy, as I have the higheſt confi- 
dence in the {kill and judgement of that excellent chymiſt ; but 
on a ſtrict examination I have found, that the difference is more 
apparent than real, Mr. BERGMAN has. never attempted to 
aſcertain the quantity of real acid in any ſubſtance; but has, 
according to the cuſtom of all preceding writers, beſtowed the 
title of acid on thoſe liquids which contain it in the moſt con- 
centrated, or at leaſt in a very concentrated ſtate, but which. 
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ſtill confeſſedly contain ſome nee! proportion of wa» 
ter, and by the quantity of water he commonly underſtands 
that which is retained by cryſtallization: thus, in his firſt vol. 8 
137. he ſays, that 100 grs. of vitriol of iron contain 2g of iron, 
39 of vitriolic acid, and 38 of water. But in his treatiſe De 
-  Produftis Vulcanicis, & 12. he ſays, that 100 gts. of vitriol of 
iron contain 24 of iron, 24 of dephlegmated vitriolic acid, and 
52 of water; and this laſt calculation ſcarcely differs from 
mine, as I aſſign to 100 grs. of vitriol 25 of iron, 20 of real 
vitriolic acid, and 55 of water. The difference manifeſtly 
ariſes from the quantity of water {ſtill contained in his de- 
phlegmated acid. The moſt material difference between us 
regards the quantity of the mineral acids taken up by alkalies; 3 
for, according to his and Mr. SCHEFFER's experiments, they 
take up more of the vitriolic than of the nitrous, and 
more of the nitrous than of the marine; whereas, according 
to Mr. HOMBERG's, Dr. PLUMMER's, Mr. WENZEL's, and my 
experiments, this does not happen. This difference ariſes in 
all probability from the different degrees of evaporation by 
which the cryſtals of theſe ſalts are obtained; for which reaſon 
I did not examine the quantity of the cryſtals, which muſt be 
variable, but that of dry falt, left after thorough evaporation. 
With regard to the an, of earth and metallic baſis in dif- 
ferent ſalts, Mr. BERGMAN'S experiments and mine agree almoſt 
r 
The advantages reſulting from theſe inquiries are very conſi- 
derable, not only in promoting chymical ſcience, which, being 
a phyſical analyſis of bodies, eſſentially requires an exact deter- 
mination, as well of the quantity and proportion, as of the 
quality of the conſtituent parts of bodies, but alſo in the 
practical way. Thus, in the firſt place, it is well known, that 
= ſeveral 
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ſeretal important proceſſes are very inaccurately deſcribed by 
antient ehymical writers, and even by ſome of a modern date, 
they frequently, for inſtance, deſcribe the acid they employed 
by reference to the quantity of fixed alkali, earth, or metal, a 
given quantity of ſuch acid was capable of neutralizing or 
diſſolving. Now the foregoing: obſervations immediately in- 
form us of the quantity of real acid capable of performing that 
effect; the remainder, therefore, muſt have been water; and 5 
the quantity of real acid and water being known, the ſpecific 
| gravity is eaſily found by the help of the foregoing tables, and 
thus an acid of the ſame ſtrength may be formed. Thus 
$CHLUT'TER, in the beſt treatiſe on Eflaying yet extant ®, in- 
forms us, that the beſt aqua fortis for parting ſilver from gold 
is that of which a pound diflolves one mark, that is, half a 
pound of filver: then 1000 grs. of it ſhould diffolve 500 of 
 filver. Now, by the foregoing experiments, we find, that 
100 grs. of alloyed filver require 38 of real acid for their ſolu- 
tion; conſequently 500. grs. of filver will require 190 grs. 
conſequently 1000 ors. of ſuch ſpirit of nitre ſhould contain 
190 grs. of real acid and $10 of water. Then recurring to 
the table of th nitrous acid, I find, by the rule of proportion, 
that the ſpecific gravity of this acid muſt be about 1, 261; for 
as 190 is to $10, ſo is 393 acid to 1675 of water. This pro- 
portion of water is ſomewhat greater than that 1 uid, but 
 SCHLUTTER uſes a ſand heat. 
2dly, The importance of this — in ood art of * 
macy is very obvious, eſpecially with regard to medicines 
formed of metallic ſubſtances, whoſe powers depend on the 
Proportion of their ingredients, and their action on each other. 
3dly, "Tb degree of preciſion muſt tend — to the 


— Vol. I. p. 332. French edition. e . 
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improvement of the arts af dying and enamelling, the pro- 
calls by which many of their ingredients are procured: being 
at preſent much too vague. Thus the proceſs at preſent uſed 
for preparing the precipitate of CAsslus frequently bau. the 

ſtrength of the acids not being ſufficiently aſcertained. - _ 
Athly, The uſes. of this knowledge in the examination of 
e waters, and in eſſaying of ores, have been amply 
proved in the elaborate treatiſes which the celebrated BERG-. 
| MAN has lately given us on theſe ſubjects. And I may further 
add, that the knowledge of the quantity of acid requiſite for 
the ſolution of different metallic ſubſtances may alſo furniſh us 
with a new criterion for diſtinguiſhing them from each other, 
and the purer from their alloys, and in ſome caſes inform us 
of the quantity and quality of the alloy: thus, 100 parts pure 
filver require leſs of the nitrous acid to diflolve them than 
100 grs. of ſtandard ſilver; thus alſo, by diſſolving in ſpirit of 
alt any metallic ſubſtance ſufficiently ſoluble therein, we may 
know whether it contains the ſmalleſt particle of ſilver, quick- 
ſilver, or arſenic, as theſe are almoſt inſoluble therein, or of 
regulus of antimony, cobalt, nickel, or wiſmuth, of, which 
it alſo takes but a ſmall proportion. 1 
But the end which of late I had principally 1 in view, was to 
aſcertain and meaſure the degrees of affinity or attraction that 
ſubſiſt betwixt the mineral acids, and the various baſes with 
which they may be combined, a ſubject of the oreateſt i impor- 
tance, as it is upon this foundation that chymiſtry, conſidered as 
a ſcience, muſt finally reſt; and though much has been already 
done, and many general obſervations laid down on this head, 
yet ſo many exceptions have occurred even to ſuch of theſe _ 
obſervations 'as ſeemed to, have been moſt firmly eſtabliſhed, 
that not only a variety of tables of affinity have been formed, 
TEE 9 3 
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but many very eminent chymiſts have been kunt to doubt, 
whether any general law whatſoever could be traced. But, as 
the judicious BERGMAN well obſerves, it were much more rea- 
ſonable to examine the circumſtances of thefe exceptions, which 
undoubtedly ariſe from the introduction of new powers, and 
lay down rules qualified with ſuch reſtrictions as are obſerved in 
the action of theſe antagoniſt powers. This is the plan I have 
followed; but before I proceed to explain , I muſt * 
the ſubject in a more general way. 

Chymical affinity or attraction is that power by which the 
inviſible particles of different bodies intermix and unite with 
each other ſo intimately as to be inſeparable by mere mecha- 
nical means. In this reſpe& it differs from magnetic and 
electrical attraction. It alſo differs from attraction of coheſion 
in this, that the latter takes place betwixt particles of almoſt 
= all ſorts of bodies whoſe ſurfaces are brought into immediate 
contact with each other; for chymical attraction does not act 
with that degree of indifference, but cauſes a body already 
united to another to quit that other and unite with a third, and 
hence it is called ele#ive attraction. Hence attraction of cohe- 
S fon often takes place betwixt bodies that have no chymical 
S attraction to each other; thus regulus of cobalt and wiſmuth 
have no chymical attraction to each other, for they will not 
_ unite in fuſion, yet they cohere with each other ſo ſtrongly, 

that they can be ſeparated only by a ſtroke of a hammer. 

Hence bodies, which refuſe to unite to each other chymically 
when they are moſt minutely divided, as when both are in a 
vaporous or atrial ſtate, or when both are in a liquid ſtate, may 
be judged, in the firſt caſe, to have none; or in the ſecond caſe, 
to have at beſt but a very ſmall affinity to each other. But 
thoſe. that unite, when one of them only is in a liquid ſtate, 

| 22 may 


tis calculation, and he has accordingly communicated to us, in 
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may be faid to have a ſtrong affinity to each other, and it ts 
thus that acids unite to — earths, and metals, for the 
moſt * Fo | | 
In order to determine the degrees of affinity, Mr. ezorrROY 
has laid it down as a general rule, that when two ſubſtances 
ate united, and either quits the other to unite to a third, that 
which thus unites to this third ſubſtance muſt be faid to have a 
greater affinity to it than to the ſubſtance it has quitted. This 
undoubtedly is the caſe when only two attractive powers are 
concerned ; thus, when ſelenite is decompoſed by a cauſtic fixed 
alkali, it is evident, that the vitriolic acid has a ſtronger affi- 
nity to the alkali than to the earth; but i itt many caſes a de- 
compoſition, ſeemingly ſingle, i 13 in fact double, and the reſult 
of the action of more than two powers, and then it is not eaſy 
to know which is the greateſt, nor conſequently to determine 
the degree of attraction; for inſtance, the vitriotic acid unites 
to a mild fixed alkali, and expels the fixed air from it, yet it 
does not neceffarlly follow, that the vitriolic acid attracts, or is 
attracted, by the alkali more ſtrongly than the aerial acid; for 
though t there appears here only a fingle decompoſition, yet in 
teality a ſort of double decompoſition takes plaee, the vitriolic 
acid giving out its fire to the aerial, while the aerial refigns the 
alkali to the vitriolic ; and hence a decompoſition” might well 
take place, even on the ſuppoſition that the affinity of bott 
acids to the alkali was equal: therefore, to attain any certainty 
in this matter, it is neceſſary to aſcertain the quantity and force 
of each of the attractive powers, and denote it by numbers. 
Mr. xo vEAU was the firſt who perceived the neceſſity of 


numbers, a table of the attractive power of mercury with 
reſpect to metals; but his method is incapable of being genera- 
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ed. Mr. wenzEL had alſo an eye to ſuch calculation; but 
his method is much more defective. It is only this, 5 To 
« diſcover (fays he) the quantity of affinity which the nitrous 
« acid bears to the different ſubſtances with which it is capable 
of uniting, let ſmall equal cylinders of each of the metals 
be covered over, except at one end, with melted amber, and 
© then expoſed to equal quantities of the ſame ſpirit of nitre, 
and in the ſame | temperature; then let the times of the ſolu- 
« tion of each be noted. The affinity of the acid to each of theſe 
« metals will be irverſely a as the times nect eſſary for the ſolution of 
6 equal quantities of them.” And as he well knew that ſpi pirit 
of nitre, of the {ſame degree of concentration, would not act 
equally on each of them, he required that it ſhould be diluted | 
in ſome cafes, and undiluted in others, and allowance to be 
made for this in the ſubſequent calculation. But alkalies and 
| earths are here intirely omitted ; and even as to metals no 
: concluſion can be drawn by this method. Tin and regulus of 


C antimony are moſt rapidly attacked by this acid, lead and cop- 


per much more flowly ; yet it is well known, that its affinity 
to lead is much ftronger than its affinity to tin, and its affinity 
to copper greater than to regulus of antimony: Silver and 
quickfilver are more flowly diffolved, and yet the affinity of 
the nitrous acid to theſe metals, as will be ſeen-i in the ſequel, | 
is by far the greateſt. 

Neither can this method be in any wit applied to the eftims- 
tion of the affinities of the other mineral acids; for though the vi- 
triolic and marine acids diffolve very lowly,difficultly, and ſpa- 
ringly, ſeveral metals that are copiouſſy and readily diflolved by 
the nitrous, yet they both-have a ſtronger affinity to thoſe very 
metals than the nitrous has to them, as 1s evident with regard 
to ſilver, mercury, and kad, which are precipitated from the 
nitrous 
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nitrous by the vitriolic and marine, though the two firſt are 
inſoluble ; in the marine, and all three difficultly ſoluble in the 
vitriolic. Accordingly. we do not find that Mr. WENZEL. has 
ever made the propoſed experiments, at leaſt he makes no men- 
tion of their reſult. 
1 diſcovery of the quantity of real acid in each of the 
mineral acid liquors, and the proportion of real acid, taken up 
by a given quantity of each baſis at the point of ſaturation, led 
me. ynexpectedly. to what ſcems to me the true method of in- 
veſtigating t the quantity of attraction which each acid bears to 
the ſeveral baſes to which it is capable of uniting; for it was 
| impoſſible not to perceive, 
Firſt, That the quantity of real acid,  neceſſury to 1 a 
given werght of each baſis, 7s inverſely as the Au * each 
| baſs to fuch _.. 2 
| Secondl y, That the 4 quantity of each ba fir, 1 requi ifte to \ ſaturate 


a given quantity of each acid, is r as the Mic of 4 . 
acid to each baſis. 


Thus 100 grs. of each of the acids. require for their Sn 
tion. a greater quantity of fixed alkali than of calcareous earths, 
more of this earth than of volatile alkali, more of this alkali 


than of magneſia, and more of magneſia than of earth of 
allum, as may be ſeen in the n. table. 


Lyaniity of bafis taken up by 100 gre. if each of the mineral acids. = 


Veg. fixed Min. Calcar, Vol. Mag- Earth of 

alkali alkali, earth. alkali. nefia. allum. 
Grs. 5 Grs. Grs. Grs. Grs, Grs. 
Vitriolic acid 215 165 110 N 
Nitrous acid 215 165 1 65 


As 
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As theſe. numbers agree with what common experience 
teaches us concerning the affinity of theſe acids with their 
reſpective baſes, they may bo conſidered as adequate expreſſions 
of the quantity of that affinity, and J ſhall in future uſe them 
as ſuch. Thus the affinity of the vitriolic acid to fixed vege- 
table alkali, that is, the force with which they unite, or tend 
to unite, to each other, is to the affinity with which that ſame 
acid unites to calcareous earth as 215 grs. to 110; and to that 
which the nitrous acid bears to calcareous earth as 21 5 grs. to. 
96, &c. But before I proceed further in the compariſon of 
| theſe forces, it is n to fay W of the: nature of 

| Joturation. | | 
A body is faid to be ſaturated with another, when it is ſo 
_ intimately combined with that other as to loſe ſome peculiar 
characteriſtic property, which it poſſeſſes when free from that 
other. Thus acids poſſeſs the property of changing the juice 
of turnſol, or infuſion of litmus, red. According to Mr. 
BERGMAN-one grain of the moſt concentrated oil of vitriol will 
give a viſible redneſs to 172, 300 grs. af this infuſion, and one 

cubic inch of water, ſaturated with fixed air (the weakeſt of 

all acids, as is generally thought) of which water takes up 
only about its own bulk, and conſequently 253. grs. take up 
only about half a grain, reddens 50 cubic inches, that is, 
about 12,650 grs. of the infuſion. When acids loſe this pro- 
perty they are ſaid to be ſaturated: and if both bodies are ſatu- 

rated, the compound is faid to be neutralized. 
If an acid be united to leſs of any baſis than is requiſite or 
its ſaturation, its affinity to the deficient part of its baſis is as 
the ratio which that deficient part bears to the whole of what the 
acid can ſaturate. Thus if 100 grs. of vitriolic acid be united 
to 55 parts only of calcareous earth, its affinity to the deficient 
55 parts 
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55 parts ſhould: be eſtimated half of its whole affinity, as 55 
is the half of 110; but its AP to the retained _ is as its 
whole affinit. | 
1 ſhall now ſhew "ey all eee in e theſe 
three-acids and the above mentioned baſes are . munen 
may eaſily be explain. + 1603 i 

In all decompoſitions! we muſt be git, th. powers 
which reſiſt any decompoſition, and tend to keep the bodies in 
their preſent ſtate; and, ſecondly, the Powers which tend to 
effect a decompoſition and a new union. The firſt I ſhall call 
quieſcent affinities, and the fecond: fort: divellent. 

A decompoſition will always take place when the ſum of the . 
divellent affinities is greater than that of the quzeſcent ; and, on 
the contrary, no decompotition will happen when the ſum of 
the quieſcent affinities is ſuperior to, or equal to, that of the 
divellent: all we have to do, therefore, is to compare the ſums 
of each of theſe powers. Thus, if the ſolutions of tartar 
vitriolate and nitrous ſelenite be mixed, a double decompoſition 
will take 8 a true ſelenite and nitre wk the Hm of 


Divellent affinities. 


Vitriolic acid to fixed veget. alkali 215 | Vitriolic acid to calcareous earth 110 


1 affinities. 


Nitrous acid to calcareous earth 4 Nitrous Aeid to 1 alkali 216 
Sum of the quieſcent affinitics 3¹¹ | Sum of the divellent 1 32 5 


Hence a double decompoſition muft neceſſarily happen. 2 
The ſame double decompoſition will be produced if, inſtead 
of tartar vitriolate, GLAuBER's ſalt be uſed, 1 MARGR. 392. 3 
for the ſum of the quieſcent affinities is 261, and that of the 
divellent 275. So alſo, if vitriolic ammon. be uſed for the ſum 
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of the nr is 186, and that of the divellent 195, or Ep- 
ſom ſalt, 1 MARGR. 390. Mem. Par. 1778, p. 339. or allum, 
I MARGR. 387. The determinations, however, with regard 
to allum are not quite ſo exact as the foregoing ; becauſe allum, 
whether. vitriohc, nitrous, or marine, . conſtantly retains an 
exceſs of acid, the exact point of ſaturation cannot be found as 
I have already remarked, and is well known: however, the 
ſuperiority i is on the fide of the divellent affinities, as it ſhould 
be. If, inſtead of a ſolution of nitrous ſelenite, that of ma- 
rine ſelenite be mixed with the ſolutions of the above men- 
tioned vitriolico-neutral falts, the ſame ſort of double de- 
compoſition will happen, and a true ſelenite will be formed, 1 
MARGR. 382; and on calculation it will be conſtantly found, 


that the ſum of the divellent en exceeds that of che 


= quieſcent affinities. Sow” 


So alſo, if a ſolution of tartar Wen ths) hw with « 2 
ſolution of nitrous or marine Epſom, a double decompoſition 
will take place, though no viſible change will appear in the 
mixed liquor, as vitriolic Epſom is exceeding | ſoluble | in water, 
and therefore is not precipitated as ſelenite is, on account of its 
inſolubility, Mem. Par. 1778, p. 338. In the firſt caſe, the 

ſum of the quieſcent powers is 290, and of the divellent 2953 
in the ſecond caſe, that of the quieſcent. | 1s 286. and of the ; 


4 divellent 295. 


If a ſolution of GLAUBER' 8 ſalt be * wh that 1 ni- 
trous or marine Epſom, an inviſible double decompoſition will 
alſo happen, Mem. Par. ibid. Hence Mr. QUATREMERE 
DIJON-VAL, who lately denied this double decompoſition (Roz. 
Mai 1782, p. 392.) was certainly deceived. In the firſt: caſe, 
the ſum of the quieſcent affinities is 240, and of the divellent 


245; in the ſecond caſe, that of the quieſcent i is 2 36, and of 
Vol. LXXIII. G the 
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tie divellenit 238. Further, if a ſolution of nitre be mixed 
with a ſolution of marine fete. an invifible double derom- 
poſition will enſue, Mena: Par. 1978, p. 341: ; the fum of the 
eee powers being 304, and of the divelknt 313. 
If a ſolution of nitrous Epſom be mixed with that of ma⸗ 
nine ſelenite, a double decompoſition will be the conſequente, 
17 RoZ. 393. : the ſum of the quieſcent affinities bang hey. 
| ne that of the divellent 3 
From all which I collect, firſt, that the ati of cet 
ty, as here determined, perfectly coinciding, with all the 
facts hitherto: known, which are pretty numerous, may be 
hooked upon as exact or nearly fo. 2dly, That theſe decompo- 
fitions are perfectly conſiſtent with the ſuperior affinity which 
hitherto: has been generally aſcribed to the vitriolic and nitrous. 
acids with fixed alkalies over that which theſe acids bear to 
earths, and do not in the leaſt infringe the received laws of 
affinities, as Meſf. MARHER, MONNET, and lately Mr. cor- 
NETTE, in the Memoirs of Paris for 1778, p. 339. do infinuate. 
There is a fact, however, in that valuable repoſitory of 
chymical knowledge, Mr. czELL's Chymical Journal *, which: 
at OY ſight ſeems contrary to one of the above determinations ; z 
is. there ſaid, that if ſolutions of one part allum and two 
| wig common ſalt be mixed together, evaporated to a certain 
degree, an and ſet to cryſtallize, a GLAUBER'S ſalt will be found; 
yet in this caſe the fum of the quieſcent affinities 1 is 233, and 
that of the diveHent but 22 2 repeated this experiment 
without ſucceſs, and indeed the author owns it never ſucceeds: 
but during the moſt intenſe cold. 
If it does ſucceedat all, che decompoftion Wuff ariſe from a 
large exceſs of acid i in the allum, ws acted vo and de- 
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* the commun ſalt ; and this explanation is 0 
by the ſmall proportion of GEAVARR's ſalt, which is faid to be 
obtained by this proceſs; for from 30 lbs. af common falt and 
16 lbs. of allum only, 15 lbs. of 6LavBer's ſalt were pro- 
duced; whereas, if the whole of the allum were decompoſed, 
there ſhould be formed, according to my computation of the 
proportion of acid in different ſalts, 294 lbs., and, e 
to Mr. B8&GMAN's, 22 lbs. of El, AuhER's falt. 

Beſides theſe powers there exiſts another which neutral alts 
poſſeſs, of uniting to certain ſubſtances, without ſuffering any, 
or but a very ſmall, decompoſition ; and thus forming triple 
ſalts, and ſometimes quadruple. This often cauſes anomalies, 
and has not as yet been ſufficiently inveſtigated v. Volatile 
alkalies in particular poſſeſs this power; and hence; perhaps, 
ariſes the difference between Mr. BzrGMAN's table and mine, 
with regard to them and magneſia; for though, when perfectly 
_ cauſtic, they do not perfectly precipitate magneſia from Epfors 
falt, it 1s becauſe ORE combine with this falt * m a * 
alt. CE 
r to my * the how mien "*Y hve: the 
fame affinity to vegetable fixed alkalies, which will undoubtedly. 
appear extraordinary to many, as it is well known, that the 
vitriolic acid decompoſes both nitre and ſalt of fylvins; but it 
| ſhould be remarked, that tartar vitriolate is alſo decompoſed by 
| the nitrous and marine acids, as Mr. BAUNMz, MARGRAAF, 
and BERGMAN, have found ; and nitre is decompoſed by the 
marine acid, as Mr. coRNETTE has ſhewn at large in the Me- 
moirs of Paris for 1778; and not only theſe falts, but alſo 
GLAUBER'S ſalt and vitriolic ammoniĩac, are decompoſed by the 


* In my next paper I mal examine ſome exceptiom meg from this ſource, 
86 2 nitrous 
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nitrous acid; and alſo theſe ſalts, together with cubic nitre 
and nitrous ammoniac, are decompoſed by the marine acid; as 
Mr. BERGMAN- and Mr. coRNETTE have remarked : all which 

| ſhew; that theſe decompoſitions are the effect of a double affinity, 
or at leaſt of compound forces. I always ſuſpected they aroſe 
from the different capacities of theſe acids for elementary fire; 
but as the ſubject appenrcs to me of importance, for greater 
certainty I made a ſeries of experiments which differ from 
thoſe hitherto made in ſeveral reſpects, particularly in this, 
that no heat was applied, and the decompoſitions were dileo⸗ 
vered, not by cryſtallization, but by teſts. 39 0 
Firſt, I procured equal weights of each of the mica acids a 
containing each the ſame quantity of real acid; and throwing: 
each ſuddenly on an ounce of the ſame oil of tartar, I had the 
following reſults, the temperature of all, before mixture, being 
68 of FAHRENHEIT. 100 grs. of vitriolic acid, containing 
26,6 grs. of teal acid projected on : 480 of oil. of tartar, raiſed» | 
1 the thermometer to: 1 38. | 73.2 
- ae grs. of ſpirit of nitre, which alſo contained 26,6 grs. 
real acid, projected in the ſame manner on 480 grs. of the 
ſame cil of: tartar, produced a heat of 12000. 
100 grs. of ſpirit of ſalt, whoſe ſpecific as was 1,220, 
and which contained 26, 6 grs. of real acid, projected on the 
above quantity of the. ſame oil of Fe, raiſed the therme“ 
meter from 69 to 129". VV 2 
Hence it follows, that * Wie acid contains more _—_ 
fic fire, or at leaſt gives out more on uniting to fixed alkalies, 
than either the nitrous or marine; and, therefore, when the 
vitriolic {acid comes in contact with either nitre or ſalt of ſy: 
vius, its fire paſſes into theſe acids, which are thereby rarefied 
to a ** degree, and are thus expelled from their alkaline 
2 baſis, 
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bafis, which is then ſeized on by the vitriolic. This — 
tion is confirmed by the following experiments. 

Into 400 grs. of ſpirit of vitriol, whoſe ſpecific gravity was 
1,362, I put 60 grs. of nitre. The thermometer fell from 68 
to 60, and during this time the nitrous acid was not expelled, 
for I put in ſome filings of copper, and they were not in the 
leaſt acted upon; but in five minutes after, they viſibly effer- 
veſced, which ſhews that the nitrous acid began to be expelled. 

Again, to 400 grs of oil of vitriol, whoſe ſpecific gravity was 
1,870, 1 put 60 = of nitre : the thermometer immediately roſe 
from 68 to 105?, and the nitrous acid was expelled in the form 
of a viſible fume, Theſe experiments prove, firſt, that neutral 
falts are not decompoſed, by mere ſolution, in an acid different 
from that which they poſſeſs. 2dly, That the nitrous acid, 
being converted into vapour, had imbibed a large quantity of 
fire. But as the vitriolic, in both theſe experiments, was in 
much larger quantity than was neceſſary to ſaturate the alka- 
ne baſis of the nitre, I put 60 grs. of nitre into 64 of the 
| above ſpirit of vitriol, which contained the ſame quantity of 
real vitriolic acid as the 60 grs. of nitre did of the nitrous, and 
added 40 grs. of water, and alſo a few grains of filings of cop- 
per. In leſs than two hours the copper was acted upon, and 
conſequently the nitrous acid was expelled. 

Again to about 400 grs. of oil of vitriol, whoſe. ſpecific gra- 
vity was 1,870, I put 100 grs. of common ſalt; it immediately 
efferveſced, and gave out the marine acid in the form of a white 
vapour. A thermometer held in the liquor roſe but 4*; but. 
when placed in the froth it roſe to 10 and fell again on being 
put into the liquor: whence it follows, that the vitriolic acid 
gave out its fire to the marine, and that this latter received 

more: 
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more than it cauld abſorb even in the Nate of vapour, * 
hence communicated heat to the contiguous li que. 
From theſe experiments it is evident, that the nitrous ſoy 
marine acids receive fire from the vitriolic, and are thrown into 
2 vapourous ſtate, or at leaſt fo much rarefied as to be expelled 
from their alkaline baſis, notwithſtanding that their affinity to 
that baſis may be equally ſtrong with that of the vitriolic. 
1 next proceeded to examine how tartar vitriolate and ol Au- 
BER's ſalt are decompoſed by the nitrous acid. Into 400 grs. 
of ſpirit of nitre, whote ſpecific gravity was 1,355, and which 
contained about 105 grs. of real acid, I 4 60 of pulveriſed 
tartar vitriolate. The thermometer, which ! at 68*, was 
not in the leaſt affected by ſtanding in this mixture, and there 
was ſcarce any ſign of ſolution. To try whether the vitriolic 
acid was diſengaged, I threw. 1 into the liquor a few grains of 
powdered regulus of antimony : in 24 hours the vitriolic acid 
was in part diſengaged, for the regulus was acted upon, and 
the liquor became greeniſh. This ſemi-metal being ſoluble in a 
mixture of the vitriolic and nitrous acids, but in neither ſingly, 
however, a great part of the tartar vitriolate ſtill remained un- 
diſſolved. Afterwards J put the ſame quantity of tartar vitri- 
olate into 400 grs. of ſpirit of nitre, whoſe ſpecific gravity was 
1,478; ; the thermometer roſe from 67 to 79˙5 the tartar vitri- ö 
olate was quickly diſſolved, and the regulus of antimony 
ſhewed the vitriolic acid was diſengaged. 
Hence it follows, that in the laſt experiment the nitrous acid 
having the ſame affinity to the alkaline baſis as the vitriolic, but 
giving out, during the ſolution, more fire than was neceſſary 
to perform the ſolution, the vitriolic receiving this fire was dif- 
engaged; for as it cannot unite to alkahes without giving out 
fire, ſo when it receives back that fire it muſt quit them. The 
reaſon 


a x 


e rab 12 ee A. . 46d 
yeaſon why the nitrous aeid, which ſpecifically contains leſs - 
fire than the vitriolic, gives out ſe much, is, that its quantity 

in both theſe ck periments is far greater than that of the vitri- 
olic, it being in the _-= as _ to 2 ; and in Op > ſecond as 
158 to 17. 2 157 
For this reaſon, to 60 gts. of (oirit of nitre, whoſe ſpecific 
punley was 1,35, 1 added 1000 grs. of water, and into this 
| dilute acid J put 60 grs. of tartar vitnolate, which contained 
exactly the ſame quantity of acid as the 60 grs. of ſpirit of 
nitre. After eight days the tartar vitriolate was almoſt intirely 
_ diflolved, yet I could perceive no fign of its decompoſition, 
and after evaporation no nitre was found. Hence J conclude, 
that the nitrous acid can never decompoſe tartar vitriolate 
without the aſſiſtance of heat, but when its quantity is ſo 
great that it contains conſiderably more fire, and by the act of 
* folution is determined to give out this fire. The decompoſition 
ef cLAUBER'S falt and vitriolie ammon. (neither of which, as 
Mr. BERGMAN obſerved, is ever total) may be explained in the 
fame manner ; whereas the vitriolic, ever ſo dilute, decom-_ 
poſes both nitre and nitrous ammoniac totally. Tartar vitriolate 
is alſo decompoſed by the marine acid, though very flowly, for 
| the ſame reaſon, and in the ſame circumſtances, as it is decom- 
poſed by the nitrous acid, as appears by the following experi- 
ments. Into 400 grs. of ſpirit of ſalt, whoſe ſpecific gravity 
was 1,220, 1 put 60 grs. of tartar vitriolate. The thermo- 
meter was not in the leaſt affected, and the ſalt diſſolved very 
flowly. To try whether the vitriolic acid was diſengaged, I 
added ſome pulveriſed bifmuth ; in twelve hours part of the 
biſmuth was diſſolved, and could not be precipitated by 
the affuſion of water, a fign that it was held in ſolution 


by the compound acid, which alone hath the property of 
5 8 preventin 2 
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preventing its precipitation by the affuſion of water, as Me. 
WENZEL has diſcovered. Here the quantity of marine acid was 
much greater than that of the vitciolic, and conſequently it 
contained more fire; but this circumſtance alone is not ſufficient, 
it muſt beſides be determined to give out that fire by the act of 
ſolution. This appears by the experiments of Mr. CORNETTE ; 
for when he mixed half an ounce of tartar vitriolate, previouſly 
di [ſolved in water with two ounces of ſpirit of ſalt, the tartar 
vitriolate was not decompoſed, Memoirs, Paris, 1778, p- 49-3 
for it being already diſſolved, no cold or heat was generated by 
mixing it with the ſpirit of ſalt, and conſequently the latter did 
not Ser out any fire, Mr. cok NETTE alſo obſerved, that GLAU- 


BER'S Galt i is caller decompoſed by. the mariue acid than tartar 
vitriolate; this I have alſo experienced, and the reaſon 18, firſt, 


becauſe 6LAuBER's ſalt is more eafily ſoluble in ſpirit of ſalt 
than tartar vitriolate; 3 and, ſecondly, becauſe its alkaline baſis 
takes up a greater quantity of the real marine acid than of the 
vitriolic, whereas the baſis of tartar vitriolate takes up an equal 
quantity of both acids; | conſequently. the marine gives out 


more fire 1 in uniting to the baſis of GLAUBER' s falt than on 
w to that of tartar vitriolate. 


Viu.itriolic ammoniac is alſo decompoſed by the marine acid | 
5 for the ſame reaſon ; but in all theſe caſes the quantity of the 
marine acid muſt much exceed that of the vitriolic, or no de- 
compoſition will take place. 'The decompoſition of nitro- 
neutral ſalts by the marine acid depends on the ſame principles. 
Mr. coxNETTE found, that cubic nitre was more eafily decom- 
poſed than priſmatic nitre, aud accordingly, during the ſolu- 
tion of priſmatic nitre, only 3* of cold were produced; but, 
during that of cubic nitre, the thermometer fell 6“, a fign 
that the ſpirit of ſalt gave out more fire in the latter caſe than 
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in the former, and its quantity muſt always be ne than 
that of the nitrous acid contained in the mineral alkaline bafis, 
becauſe this baſis requires for its ſaturation more of the marine 

than of the nitrous acid, as we have already ſeen. _ 

Poet the nitrous acid, in its turn, decompoſes ſalt of Gies 
* common ſalt, as Mr. MARORAT has ſhewn; but it muſt 
always be in greater quantity than the marine, in order to con- 
rain a ſufficient quantity of fire for that effect. To 400 grs. of 
colourleſs ſpirit of nitre, whoſe ſpecific gravity was 1, 478, 1 
put 60 grs. of common falt, it quickly efferveſced and grew 
red; yet the thermometer roſe but 2, a fign that the marine 
acid had abſorbed the greater part of the fire which the nitrous 
had given out, and was thus expelled : beſides, in this caſe, 
the ſuperior affinity of the nitrous acid to the mineral baſis 
haſtened the decompoſition ; and hence the decompoſition hap- 
pens without ſolution, whereas the marine acid does not de- 
compoſe cubic nitre until it has diflolved it, which: i 18 worthy 
of notice. This mutual expulſion of the nitrous. and marine 
acids by each other is the true reaſon why aqua regia may be 
| made, as well by adding nitre or nitrous ammoniac to ſpirit of 
falt, as by adding common falt or ſal ammoniac to ſpirit of 
nitre, as Mr. CORNETTE has well remarked. 

Selenite is decompoſed neither by the nitrous nor by the 
marine acids, as Meſſ. APT AL and CORNETTE have obſerved. 
The reaſon is evident on the above princi iples; ; it is diflolved by 
neither without the aſſiſtance of heat, and then the ſolution is 
performed by a foreign heat, and not by that which theſe acids 
give out when they act without the aſſiſtance of heat. 
Laſtly, whenever a vitriolico-neuttal ſalt, decompoſed by 
either the nitrous or marine acid, is evaporated to a certain 
degree, the vitriolic expels theſe acids in its turn; for the free 
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pare of thi Ra e ing ere by the heat of evapora- 
_ tion, the peutral falts. begin to cryſtallize, and conſequently | 
give ot heat; 6) but the vitriolic being t then i in greater proportion 
re· acts on theſe falts, reſtores their ſpecific fire to their acid 
principle; and recombines with their alkaline baſis, as already 
explained. e 
Hende, though allum i: is in 8 kelly decompoſed by the nitrous 
aud marine acids, yet when the ſolution of it in either of theſe 
acids is evaporated to a certain degree, the vitriolic acid, of 
which it contains a larger proportion than any other terrene 
falt, re- acts « on the nitrous and marine allums, and expets their 
acids, as Mr. CHAPTAL has ſhewn. 
In explaining theſe phenomena I have all along ſuppoſed the 
doctrine of Dr. BLACK to be well known, vig. that ſolids ab- 
forb heat during their ſolution. . Both the heat and cold, pro- 
duced i in different ſolutions, ſeem to me to depend on the ſame 
principle. If the menſtruum gives out only fo much of its fire 
as the ſolvend can abſorb, or leſs, then cold is produced; but if 
it gives out more of its ſpecific fire than the ſolvend can abſorb, 
this ſurplus becomes ſenſible, and affects the thermometer by 


producing heat in proportion to its quantity. 


Of the offnity of the mineral acids to metallic fubſances. 


Having thus, in every inſtance, eſtabliſned the agreement 
betwixt the quantity of any alkaline or terrene baſis, taken up 
at the point of ſaturation by a given weight of any of the 
three mineral acids, and the quantity of affinity which each of 
theſe acids bears to ſuch baſis, I naturally extended my views 
to metallic ſubſtances, to try whether this coincidence could be 
traced with regard to them alſo; but the difficulties that oc- 
curred in this inquiry were ſo great, that the ſame degree of 
certainty muſt not be expetied as in the foregoing. part. 
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etaluc n freeſt from all, foreign mixture, 


abe. obtained either in a reguline ſtate, or "in; that of a calx. 
" Theſe calces,, if formed by: fire, are conſtantly combined with 
more or bs of the atrial acid, which is very difficultly e EX> 
tracted from them, and very ſoon re-abſorbed ; and if formed 
by ſolution, they as conſtantly retain a portion of their folvent 
or precipitant, ſo that the preciſe weight of the really metallic 
part is difficultly aſcertained. But though this ſhould eaſily be 
effected, ſtill they would for the moſt part be unfit for my 
purpoſe; ; becauſe moſt of them, when much dephlogiſticated, 
are inſoluble in ſome or all the acids: hence I choſe metals in 
their metallic ſtate for the ſubject of my experiments. Theſe 
conſiſt of ſpecifically different earths and phlogiſton, and of 
this they muſt loſe a part before they can be diſſolved in acids; 
but, beſides that which eſcapes in an atrial form, much more 
of 1 it, though ſeparated from the metallic earth, is yet retained 
in the ſolution by the compound of acid and calx. It is this 
calx, thus differently dephlogiſticated by tlie different acids, 
whoſe proportion I endeavoured to aſcertain. ; 
The great difficulty that occurred in this 1 inquiry was, tha 
of finding the exact quantity of acid neceflaty to ſaturate the 
metallic ſubſtances; for all metallic ſolutions turn ſolution of 
litmus red, and conſequently contain an exceſs of acid. And 
the reaſon is, becauſe tlie ſalts, formed by a due proportion of 
metallic calx and acid, are nearly inſoluble in liquids that do 
not contain a further quantity of acid ; and in ſome caſes this 
quantity, and even 1ts proportion to the aqueous bart of tbe liquor, 
muſt be very conſiderable, as in ſolutions of biſmuth. . Hence 
I in vain endeavoured, by cauſtic alkalies and lime- water, to 
deprive theſe ſolutions of this exceſs; for when deprived even 
of only part of it, many of the metals precipitated, and all 
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would, if deprived of the Whole of it. On this account | was 
obliged to uſe different methods, of Which 1 ſhall here give an 
iuſtanck. With regard to the ſolution of filver in the nitrous 
acid, as it could' be had extremely ſaturate 1 began with it. 
657 grs. of this ſolution contained, according to my calcula- 
tion, aud allowing for the quantity of acid carried off in the 
nitrous air, 31,33 grs. of real acid, and 100 grs. of ſilver. Of 
this ſolution I found that 9 grs. gave a viſible red tint to as 
much of a dilute ſolution of litmus, as a quanfity of ſpicit of 
nitre, which contained roths of A grain of real acid, and 
therefore T Judged theſe 9g 87s. to contain an exceſs of acid, 
amounting to .*.ths of a grain; and if 9 grs. contain ſuch an 
exceſs, then the whole ſolution muſt have contained an exceſs a 
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amounting to 5.5,ths of a grain, deducting which from 31,38, 
we bud che quantity of acid ſaturated by 100 grs. of ſilver to 
be 2557 1 grs. In this manner I proceeded with moſt other 7 
mefallic olutions. The vitriolic ſolutions of tin, wiſmuth, 
regulus of antimony, N nickel, and regulus of arſenic, contain- 
ing a large exceſs of acid, I ſaturated part of it with cauſtic 
volatile alkali before T tried them with t ie infuſion of litmus, 


and I uſed 1 the ſame expedient with the nitrous ſolution of i iron, 
lead, tin, and regulus of antimony, and all the marine ſolu- | 
tions. The proportion, of vitriolic and marine acid taken up by 
lead, filver, and mercury, I determined by computing the 
quantity of real acid neceſſary to precipitate theſe metals from 
their ſolutions in the nitrous acid; and of all the determina- 
tions theſe appeared to me to be the moſt exact. However, as 
all the vitriols of theſe metals are, though in a flight degree, 
foluble in the nitrous acid, J was obliged to rectify the reſult 
from other conſiderations, and the ſame neceſſity occurred with 
regard to the marine ſalts of lead and mercury. 
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could extract from my obſervations on the colour of the ſolution 
Jof litmus; for theſe ingications are ſo precarious that I did not 
abſolutely confide in them, but adjuſted the numbers, as I. 
| thought other phenomena required. However, the deviations. 
were not ſo conſiderable as to induce a doubt that metallic earths. 
bad not almoſt all a ſtronger affinity to the three acids than 
| even fixed alkalies. Nevertheleſs, the common tables, which 
| poſtpone metallic ſubſtances to all others, are in reality juſt. 
they only require a different denomination, being in fact tables 
of precipitation rather than of affinity, as far as they relate to 
metallic ſubſtances, expreſſing by their order, what metallio 
ſubſtances precipitate others from the different acids. But theſe 
2 precipitations are conſtantly the reſult of a double affinity and 
decompoſition, 
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nerds, the 2 e metal yielding its nen to 


Narr to the precipitant.. R Nor uy this. eſcaped; the "Hy of | 
Mr. BERGMAN; 2 N. Act. Upſ. 205. who has even confirmed 
it by experiments which J have repeated, and found exact. 
Thus, though copper, in its metallic form, precipitates filver 
and mercury from the nitrous acid with great eaſe, yet the calx 
of copper will precipitate neither. The ſuperior affinity of 
acids to metallic earths, in preference to alkalies and unmetallic 
earths, requiring further proof, I ſhall here demonſtrate it in a 
few inſtances, with regard even to thoſe metals which are com- 
monily thought to have the leaſt affinity to acids, And, firſt, 
that the nitrous acid has a ftron; ger affinity to filver than to fixed 
alkalies, appears by a curious experiment of Mr. MoNNET's 
( Diſſolution des Metaux, p. 159.). If a ſolution of ſilver in 
nitrous acid be. poured into a mixed ſolution of fixed alkali and 
common ſalt, the ſilver will be precipitated by the marine acid || 
of the common falt, and not by the free alkali contained in the 
liquor, for a luna cornua is found. Now if the nitrous acid had 
a greater affinity to the free alkali than to the filver, it is evi- 
dent, that the decompoſition would be wrought by the free | 
alkali, and then the ſilver would be precipitated pure, and not 
in the ſtate of horn filver ; but as it 1s precipitated in the ſtate 
of horn filver, it is plain, its precipitation was not effected by a 
ſingle but by a double affinity. From whence it alſo follows, 
that the marine acid has a greater affinity to filver than the 
nitrous has to fixed alkalies. I repeated this experiment with a 
ſolution of lead and alſo of mercury in the nitrous acid, and 
the reſult was fimilar, horn lead and marine falt of mercury 
* formed. 
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are well known; he has ſhewn ths 1 vir of 12 dach ſub. 
corroſive can be deprived of no more. than half of their acid 
even by cauſtie fixed alkalies, 3 Roz. 29: 3 : 
Again as to lead, if perfectly dry common alt be pro- 
jected on lead heated to incandeſcence, the common falt will- 
be decompoſed, and horn lead formed, I MARGRAF. 35 and 
38. Nor can this be attributed to the volatilization of the acid 
by heat * - for the alkali is as fixed as the lead; and muſt there- 
fore be cauſed by the greater affinity of the calx of lead, to 
which, when dephlogiſticated, the acid can unite. Mr. schEELR 


informs us, that if a ſolution of common ſalt be digeſted with 
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litharge, the common falt will be decompoſed, and a cauſtic: 


alkali produced, SCHEELE on Fire, p. 175. He alſo decom-- 
poſes common ſalt by ſimply letting its ſolution ſlowly paſs: 
through a funnel' filled with powdered litharge. * Mr. un- 
NER daily decompoſes common ſalt by means of litharge. Mr. 
schEEIL. E alſo decompoſes marine ſelenite, by means of litharge, 
through ſimple mixture, without the aſſiſtance of heat, and 
le calcareous earth is ſeparated in a cauſtic ſtate; which ſhews 
Y that this falt is decompoſed by the ſingle ſuperior affinity of 
che metallic calx to the marine acid; sCHEELE on Fire, p. 174. 
That acids have leſs affinity to volatile alkalies than to ſeve - 
ral metallic ſubſtances appears in ſundry inſtances. Horn ſilver⸗ 
is ſoluble in volatile alkalies, as is well known. Now, if this 
ſolution be triturated with four times its weight of mercury, 
the marine acid will combine with the mercury, and not with 
the volatile alkali; for a mercurius dulcis, and not a ſal ammo- 
niac, will be formed; as Mr. MAROR Ar has ſhewn, 1 MARGA.. 
286. If two parts ſal ammoniac and one of filings of iron be 
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ey be : perocived - * or cif, inſteal at iron winium, or ; 9a 
xetic antimony, or zinc, be. uſed, that, ſmell is perceived as 
ſoon as they are mixed, g Mem. Scav. Etrang. P- 575. MONNET, 
Diff, Met. 20g. But it will naturally be aſked, how then it 
happens, that all metallic ſolutions are precipitated by alkalies 
and earths ? The anſwer is eaſy; ; all metallic ſalts are held in 
ſolution by an exceſs of acid. If alkalies and earths did nothing 
more than abſorb this exceſs of acid, a precipitation ought 
to take place; but they do ſtill more, for they take up the 
greater part even of the proportion of acid neceſſary to ſaturate 
the metallic earth, and this they are enabled to do by means of 
a double affinity; for during the ſalution of metals, only a 
comparatively ſmall part of the phlogiſton eſcapes out of the 
ſolution, the remainder is retained by the compound of acid 
and calx : when, therefore, an alkali or earth is added to ſuch 
a ſolution, the phlogiſton quits the acid, and re- -combines with 
the calx, while the greater part of the acid unites to the preci- 
pitant. Notwithſtanding this great affinity of metallic earths 
to acids, ſalts, whoſe baſis is a fixed alkali or earth, are in few 
inſtances decompoſed by metals or their calces, by reaſon of 
the inability of the acids while combined with theſe baſis, and 
thereby deprived of a great part of their ſpecific fire, to volati- 
lize the phlogiſton combined with the metallic carths, which 
muſt neceſſarily be expelled before an acid can combine with 
them. And as'to metallic calces, they are generally combined 
with fixed air, which alſo muſt be in part expelled. 

But ammonaacal ſalts, containing much more fire (for they 
abſorb fire during their formation) for that reaſon act much 
more powerfully on metals. Allowing then the anni of the 
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| mineral acids to metallic ſubſtances to be as "above, At double 


Jecompoſition in which only falts, co ataining theſe acids united 
to alkaline terrene or metallic baſes, are concerned; admit of 
an caly explanation ; nay, Tim bold to ſay, they cannot other- 
wiſe be explained. Thus if a ſolution of tartar vitriolate, and 
of filver in the nitrous acid, be mixed in proper proportions | 
(which | is always to be underſtood), nitre and vitriol of ſilver 
will be formed, and this latter for the moſt part precipitated. | 


Quieſcent affinities. Divellent affinities. 


| Nitrous acid to filver 5 _ 51 Nitrous acid to venerable alkali 21 5 
Vitriolic acid to vegetable alkali 21 15 Vitriolic acid to filver < _390 


Sum of the m—_— ©. —_ | Sum of the divellent powers ' bog 


So alſo if, z of a Glativa of tartar vitriolate, that of 
= GLAUBER' 5 falt, or of vitriolic-ammoniac, or ſelenite, Epſom, 
or allum, be uſed; for in all theſe caſes the balance is con- 
ſtantly in favour of the divellent powers, yet the ſolutions of 
ſeelenite and allum produce but a ſlight precipitation. 
I alſo found, that the ſolution of filver is precipitated by the 
vitriolic ſolutions of iron, copper, tin, and probably by many 
other vitriolic ſolutions, if for no other reaſon at leaſt for this, 
that they conſtantly contain an exceſs of acid ; but if a ſatu- 
rate ſolution of ſilver be mixed with a very ſaturate ſolution of 
lead or mercury in the vitriolic acid, the ſilver will not be pre- 
cipitated, as I have obſerved; and in both caſes the balance | is 
in favour of the quieſcent affinities. 
The nitrous ſolution of ſilver is alſo decompoſed, and the 
ſilver precipitated by all marino neutral ſalts, whether the bafis 
be alkaline, terrene, or metallic, as I have experienced, and 
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by marin anne falts, A their r baſis be alkaline, t terrene, 
or. metallic, a8 1 have fou found on tral, and a8 the balance of 
affinities requires. 3 

The nitrous | fotutjon of lead 1 is ; alſo decompoſed, a and the 

lead for the moſt part precipitated (unleſs the lotion b. be very 

dilute) in the form of vitriol of lead by all the vitriolico neutral 
falts; and alſo by all the marina neutral falts, except marine 
falt of ſilver, which 9 Precpitates it by virtue of its exceſs 
of acid. 

The marine Gldtion of lead is decompoſed by all viriolico 
neutral falts, except ſelenite and vitriol of nickel, which can 
only precipitate it by virtue of an geechs of acid. 5 
_ The nitrous ſolution. of merqu y is alſo decompoſed, and the 
mercury for the moſt precipitated in the form of vitriol of 
mercury by all vitriolic neutral falts, except vitriol of lead, 
which can only decompoſe i it by an excefs of ad. 

Nitrous ſolution of mercury is alſo decompoſed by . marin 
neutral ſalts, except the marine Halt of filver and lead, which 
can only affect it by an exceſs of acid. 

Vitriol of mercury is alſo decompoſed by marino neutral 
falts, which decompoſition 1 is alſo apparent by expoſing the an- 
tagoniſt powers; yet a precipitation does not always appear: as I 
have remarked, particularly when marine allum is uſed, which 
J attribute to the facility with which a ſmall quantity « of the 
marine falt of mercury is ſoluble in an exceſs of acid. Marine 


falt of filver decompoſes vitriol of mercury, only through its 
exceſs of acid. 
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it cauſes 1 in the affinities of acids, 
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Hence Ki ſee why horn Ber" can never be reduced by fixed 
alkalies without loſs, as Mr. MARGRAAF has ſhewn, 1 MARGR. 


33-1 nor could it be decompoſed at all; but that the action 
of heat helps that of the alkali. ; 


If to a ſolution of ſublimate corroſive oil of vitriol be added, 
2 Precipitation will appear; but, as Mr. BERGMAN well 
remarks, this does not proceed, from a decompoſition, but from 


2 ſubſtraction of the water neceflary to keep the ſublimate 


diſſolved. 

If to a ſolution uf vitriol of i iron ſome nitrous acid bs added, 
it immediately becomes turbid, becauſe the nitrous acid dephlo- 
giſticates the calx of iron too much, but the addition of more 
acid reſtores the tranſparency, as as the dephlogiſticated calx i is 
ſtill foluble by a greater quantity. of acid. I omut a number of 
other curious phenomena, which are explicable o on theſe - 
ciples. 


marine acid with regard to nickel and wiſmuth. The firſt, 


ſhews that which theſe aci ds. bear to thoſe metals, when . 

phlogiſticated only by ſolution in thoſe acids. The fecond | 

4 | that which the acids bear to them when more dephlo- 

: giſticated, as they a are, when diflolved i in the nitrous acid. On 
the other hand, all the acids have leſs affinity to the calces of 

- Iron, zinc, tin, and antimony,, when they are dephlogiſticated . 


to a certain degree; but as 1 could; give no- criterion of this 
dephlogiſtication, I did not attempt t to indicate the duninution 
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I have aſſigned i in the foregoing table two different affinities 
to the vitriolic acid with regard to wiſmuth, and alſo to the 
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moſt difficult to be fet forth with that degree of precifion which 


each of them, not only in general, but according to their 
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various degrees of dephlogiftic ication by each of the acids. In 
this laſt particular I cannot affert that 1 have attained any thing 

Uke a certainty, yet hope what I advance may not be uſcleſs 
to chymical readers, as it 1s not altogether groundleſs, as it con- 


tradicts no chymical fact, but, on the contrary, is agreeable 
to * and affords a _y folution of all the Phenomena. 


en to each other has been inveſtigated i in ſo maſterly a man- 


inquiries. After his diſcovery all that remained was to find the 
_ abſolute quantity of it in any one metal, for then, by an eaſy: 
- calculation, it may be determined in all the reſt. The ſub- 
ſtanee 1 choſe for this purpoſe was regulus of arſenic, as being 


not altogether ſo. 
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1 am now come to "the laſt point "of my inquiry, and the 


* 


I have been z enabled. to attain in the former parts ; ; for, in the 
firſt place, it is neceflary to find the quantity of phlogiſton i in 


Of the 2 quantity of phlogiton i in metals. 
The proportion of phlogiſtan 3 in metallic ſubſtances rela- 


ner by Mr. BERGMAN, that I lay it down as the ground of my 


moſt capable of n by nitrous 8 though 


From 100 grs. 7 regulus of arſenic, diſſolved in dilute 
nitrous acid, as already ſeen, 102 cubic inches of nitrous air 
and , ths are obtained, barometer at 30%, thermometer at 602. 
I muſt add, that I made the experument on 5 grs. only, ſo that 
the calculation relates only to the quantity of air which 100 
Srs. 
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derable. 5 
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— give. 1 repeated the experiment three times with 


2 ſame ſuceaſs. I. attempted. getting ore air from the reſi- 
duum left by a gentle evaporation, but though freſh ſpirit of 
nitre grew red with it, the Wan of air was 


quite inconſi- 


Oi 17 2 


Now this quantity "of t hitrous air c Gall 6 5 Frs. of phlo- 
giſton, according to the calculation to be ehe iu my former 
paper; and hence I conclude, that 100 ors. of 3 arſe- 


nic contains 6,86 grs. of phlogiſton.. - Thü regulüs üs Wwe en 


by Mr. woLFE, and perfectly bright. © 
Hence the relative proportion of phlogiſton in — u being, | 
as found by Mr. BzRGMAN, and ſet forth in the firſt column 
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of the following table, the abſolute quantity wu bes as. 5 thewn, 


in the ſecond column. N 


| Relative ax of vob buen. 


100 grs. « Gold | 


Regulus « of . 


Tin 
Regulus of ah 
Silver 

Mercury 
Wiſmuth 
Lead 


Ablolute quantity. 
EO.” 3 
VVV 

„ 

182 - I 11,46 

156 _— - | 9,82 

10, » 7,56 

114 LD” 2 7,18 "I 
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This point being, as 1888 of ſome 1 importance, Len- 


dearoured to aſcertain it ſtill further by other experiments: and 
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as ſilver loſes a certain quantity of phlogiſton, which eſcapes 
and ſepatares from it during its ſolution in nitrous acid, I con- 
ceived, that if the ſolution was expoſed to nothing from which 
it could re· obtain phlogiſton, and thus diſtilled to dryneſs, and 
intirely ſeparated from the acid, as much filver ſhould remain 
unreduced as correſponded with thequantity of phlogiſton loſt by 
it. And if this quantity of phlogiſton correſponded with that 
? aſſigned to filver i in the aten g table, that then this table was 
Juſt. N 
For this purpoſe I diſſolved 120 grs. of clean aug: of 
ſtandard ſilver in dilute dephlogiſticated nitrous acid, : and 
obtained from it 24 cubic inches of nitrous air. This 
ſolution ! gently evaporated to dryneſs; by the evaporation. 1. 
found a little of the ſilver volatilized, but not more than 1 
quarter of a grain. I then diſtilled the dry reſiduum, and kept 
it an hour in almoſt a white heat in a coated green glaſs retort. 
During the diſtillation abundance of the nitrous acid paſſed off, 
a green and white. ſublimate aroſe in the neck of the retort, 
and ſome paſſed even into the receiver. When all was cold 
I broke the retort, the inſide of which was penetrated 
into its very ſubſtance with a yellow and red tinge, and partly 
covered over with an exceeding fine ſilver powder, which 
could ſcarcely be ſcraped off. The remainder of the ſilver was 
perfectly white and free from acid, but not melted into a but- 
ton, and when collected weighed 94 grs.; therefore 26 grs. 
were loſt, that is, were ſublimed or vitrified ; ; but of theſe 26 
grs. 9 grs. were copper (for 100 grs, ſtandard, flyer contain 73 
of copper); therefore, only 17 grs. of pure eſilyer remained un- 
reduced, being either volatilized or vitrified. The whole quan- 
tity of pure ſilver in 120 hd of ſtandard filver amounts to 111 
Srs.; then if 111 Brs. of pure flyer loſe 17 by x reafon of its 
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toſs of phlogiſt on 100 gts. of pure fler ſhould! lofe 15,33 
and by the above table 1 5, 3 grö. of” ſilver ſhould contain 
0,94 5 of à grain of phlogiſton. Let us now ſee whether this 
quantity of phlogiſton correſponds with that whick 1 00 8ts. of 
pure filver really loſe by ſolution in \Aitrous acid. 100 0 gr TS. of 
Pure ſilver afford, as already ſaid, 14 cubic inches of ' filfrous 
air, which, by my computation, contain 0,95 38 of a grain of 
phlogiſton, which differs from o, 945 only by, rde · The un- 
reduced part of the filver was 15,3 grs.; ; and, by calculating 
what it ſhould be by reaſon of the loſs of the phlogiſton con- ' 
tained i in the 1 nitrous arr, it would amount to 14 and 2 Leths of 2 
grain, a difference certainly immaterial. e 
In this experiment, only as: much of the ſilver fublimed a as 
could not regain phlogiſton ; the remainder regained it from 
E; the nitrous air abſorbed by the ſolution, and alſo from that 
which rernained united to the acid and calx. If this were not 
ſo, 1 do not ſee why the whole of the ſilver would not ſublime. 
Again: : Dr. erIESTLEY having ſeveral times diſſolved mer- 
cury in the nitrous acid, and revivified it by diſtilling over that 
acid, conſtantly found a conſiderable proportion of it unre- 
duced. To try whether that proportion correſponded with my 
calculation, I have examined the experiment which he made 
with moſt care, and which i is to be found in his 4th vol. p. 
262. We there find, that having diflolved | 17 dwts 13 grs. = 
321 grs. of mercury in nitrous acid, 14 dwt. that is, 36 grs. 
remained unreduced. Now, according to my calculation, 56 
grs. ſhould remain unreduced ; for 100 grs. of mercury afford 
12 cubic inches of nitrous air ; therefore 3 21 grs. ſhould afford 
38, 52, which contain 2, 58 grs. of W and if (accord- 
ing to the table) - 45 56 grs. of phlogiſlon be neceſfary to metallize 
roogrs. of mercury, 2 2,58 will be neceſſary to metallize 56 grs. 
ot 
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of mercury : and I am ſatisfied, from my o own trials, that more 
than 50 grs. would be found unreduced if dephlogiſticated ni> 
trous acid had been uſed in diffolviag the mercury, and the 
ſolution performed with heat and a ſtrong acid; but that which 
Dr. #RIESTLEY uſed, being the red or yellow fort, already 
contained much phlogiſton, which contributed to the revivifi- 
cation of a larger quantity of mercury than would otherwiſe 
14 be found. It is true, that Dr. yz1ESTLEY afterwards revivified 
1 a great part of what originally remained unreduced ; but this 


happened after it was for ſome time expoſed to the free air, 
from which the calces of the perfect metals always attract 
phlogiſton, as is evident in luna cornua, which Mackens on 
expoſure to the air, aud hence alſo proceed the reductions 
operated by Mr. BAYEN. 
But Dr. RIESsT LET, to whoſe luminous experiments chy- 
miſtry is already ſo much indebted, has been ſo obliging as to 
furniſh me with ſome which tend more directly to elucidate the 
preſent queſtion. 
In one experiment he found that nearly 5 duts. of minium, 
from whence all its air was extracted, that is, about 118 grs. 
abſorbed 40 Oz. meaſures of inflammable, that is, 75, 8 cubic 
inches = 2,65 grs. of phlogiſton, and were then reduced : 
then 100 grs. of minium ſhould require for their reduction 
nearly 2,25 grs. of phlogiſton. In another experiment, made 
with more care, he found, that 480 grs. of minium abſorbed 
108 oz. meaſures of inflammable air; according to this then 
100 grs. of minium require for their reduction 1,49 grs. of 
phlogiſton ; and in two other experiments he found this quan- 
tity ſtill leſs. Upon which I remark, firſt, that the whole of 
the minium was not dephlogiſticated ; for, beſides that it is 
never throughout equally calcined, much of it muſt have been 
Bo, reduced 
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the Aitradius Powers of Mineral Acids. 65 
reduced during the expulſion of its air; ſecondly, that the 
quantity of the phlogiſton 1 in the inflammable air may have 


been greater as this varies with its temperature, and the weight 


of the atmoſphere; ſo that upon the whole theſe experiments 
confirm the reſults expreſſed in the table. 


Of the affnity of metallic calces to phlog lon. 


That flammable air or phlogiſton is condenſed to a very 
conſiderable degree by uniting to any metallic ſubſtance, ſo that 
its ſpecific gravity is not only equal, but much ſuperior, to that 
of the metallic earth with which it combines, may eaſily be 
concluded from the example of fixed air, which, by uniting to 
calcareous earth, acquires a ſpecific gravity equal to that of 
gold ; and hence, that metallic earth which condenſes phlo- 
giſton moſt, and in greateſt quantity, uniting to it moſt cloſely, 
may be ſaid to have the greateſt affinity to it; ſo that if we 
could find the ſpecific gravity of a calx perfectly pure, both 
from phlogiſton and fixed air, we could, by comparing its den- 
ſity with that of the ſame calx when metallized, know the 

denſity which phlogiſton acquires by its union with ſuch calx ; ö 
but to procure ſuch calces hath hitherto proved impoffible, as, 
during their dephlogiſtication, they combine with fixed air, or 
ſome particles of their menſtruum; and hence their abſolute 
weight is increaſed, though their ſpecific gravity be ſomewhat 
diminiſhed. From this laſt circumſtance it appears, that the ſpe« 
cific gravity of calces differs much leſs from that of their reſpec- 
tive metals than does the ſpecific gravity which the phlogiſton 
acquires by its union with thoſe calces, from that which it 
poſſeſſes in its uncombined ſtate; in the ſame manner as the 
| denſity of quick-lime differs much leſs from that of lime- 
ſtone, than does the denſity which fixed air acquires by its 
Vol. LXXIII. ugion 
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6 Mr.. RIES 5 Weiner and Objervations on 
union with quick-brae from that which belongs to it in its atrial 
ſtate; and hence, inſtead of deducing the quantity of affinity 
'N phlogiſton from the following Prope ition, 
vin. chat be aſmity of metallic calces to phlogi Non iS in à com- 
pound ratio of its quantity and denfity i in each metal, I am oblige? 
to deduce it from this other, viz. that the Mig F metalhc 
calces to phlogifton is directly as the ſpecific gravity of the reſpec- 
tive metals, and' inverſely as the quantity of cale contained in a 
given weight of theſe metals. This: latter propoſition is an ap- 
proximation to the former, founded: on this truth, that rhe 
larger the quantity of. Pbleg iſton in any metal is, the + ſmaller i 1s the 
quantity of calx in a given wei gbr of that metal; and that the 
denſity which the phlogi Non acquires, is as the ſpecific gravity of 
the: metal. This latter propoſition, however, is not exactly 
true, for this denſity is much greater; yet it is the neareſt 
approximation I can make, and its defect is ſenfible only with 
regard to thoſe metals which contain a conſiderable quantity of 
phlogiſton, vix. gold, copper, cobalt, and iron: with ge 
to the reſt ĩt is of no importance. 
Then the ſpecific gravity of metals * as 1 in 
the firſt column of the following table, the affinity of their 
calces to phlogiſton will be as is ſhewn in the ſecond column. 
The third column expreſſes theſe affinities in numbers homo- 
genous with thoſe. which _ the affinities: of acids with 
their baſis, 
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| Specific gravity. +», ,_ - Aﬀnityofthecalces 
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, Gold „C 
: Mercury - „ 
? Silver 2 — - 051 18 — 491 
c Lead - — * 0,116 - 433 
A Ge 1 „ 44 

Wiſmuth - o, 99 
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| Tin . — 3 0,075 92 
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Iron „ 
Regulus of arſenic 
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Here we ee, that the calx of lead has a greater affinity to 
; phlogiſton than the calces of any of the imperfe& metals, 

and hence its uſe in cuppellation ; ; for after it has loſt its own 

| phlogiſton, it extracts that of the baſe metals, and thus pro- 

mwmotes their calcination and vitrification. 

Though the numbers in the ſecond column aha en 

well the greater or leſſer affinity of metallic calces to phlo- 

giſton, yet they have this inconvenience, that they are not 
homogenous with thoſe that expreſs the affinities of acids to 

other baſes, which limits their uſe to a narrow compaſs, they 

being, on that account, incomparable with thoſe that expreſs 
the affinities of acids : I therefore endeavoured to find a coin- 
cidence between them in ſome one inſtance, in order to reduce 


them to the ſame ſtandard, as will be ſeen in the next para- 
graph, 
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Of the affinity of the vitrioli © acid to phlegi Jo in ye. 


According to the principle above * a. this affinity i 18 
in a compound ratio of the quantity of phlogiſton taken up by 
100 grs. of the vitriolic acid and of the denſity it acquires by 
its union with the acid. Now 100 grs. of ſulphur contain 59 
of acid and 41 of phlogiſton, and the ſpecific gravity of ſulphur 
is 2 2,344 therefore, the loſs of weight of ſulphur in water = 


= 42, 66 grs. the loſs of weight of the acid part of the 


| Gulphur i 18 7258 8 * 13,96 grs. 3 therefore, the remainder of the 


loſs of ſulphur is the loſs of the phlogiſtic part = 28,70 grs.; 
then the abſolute weight of the Phlogiſton being 41 grs. its 


denſity will be 1,429 = ==; - ad fince 100 grs. 0 p n id. 


take up 70 of phlogiſton its affinity will be 1, 429 K 70= 100. 
But if the affinity of the vitriolic acid to phlogiſton in ſulphur 
had been ſought in the ſame manner with the affinity of metallic 
calces to phlogiſton, the quantity would be the ſame, though 
the expreſſion of that quantity would be different, as relating 
to a different ſtandard; for by that method the affinity would be 

directly as the denſity of the phlogiſton, and inverſely as the 


quantity of vitriolic acid contained in 100 grs. of ſulphur, that: 
. 42 
IS, —— ,024 3 therefore, this expreſſion anſwers to, and is 
equivalent to the former, wiz. 100. By this means I formed. 
the quantities expreſſed in the third column, which are homo- 
genous to thoſe which expreſs the affinities of acids to their 
baſis. Thus, the affinity of the calx of gold to phlogiſton i 15, i 
i041, for= „024. 100 :: 25. 1041, &c. =_ 
The 
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The third point neceſſary for the explanation of cha Aa 


mena attending the ſolution of metals, and their precipitation 
by each other, is to determine the proportion of phlogiſten 
which they loſe by ſolution in each of the acids, and the affi- 
nity which their calces bear to the part ſo loſt. I have not 
been able to determine this by any dire& experiment ; for 
though I might determine the part which. eſcapes in the form 

of air, yet I could not that which is equally ſeparated from the 
metal, but retained in the ſolution ; yet from various collateral 
conſiderations J am induced to think, the proportiou of phlo- 
giſton, ſeparated from the metals by the different acids, 15, at a 
medium, as ex prefied 1 in the following table. 
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On this ſuppoſition the affinity. of the calces to the Abele 
part of their phlogiſton may eaſily be calculated; for they may 
be conſidered as acids whoſe affinity to the deficient part of 
theies baſis is as the ratio which that part bears to the whole, as 
already ſaid. Thus the affinity of iron, thoroughly depzived- 
of its phlogiſton, being 375, as it loſes 5ds of its phlogiſton 
by ſolution in the vitriolic acid, the affinity of iron to theſe two-- 
thirds is *ds of its whole affinity, that is, zds of 375 = 25%. 
Theſe affinities, together with thoſe of the three acids to 
the ſeveral calces, are repreſented together in the following. 
table. 

Vitriolic. 
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The po I of calecs to phlogiſton are taken at a medium ; ; 
for almoſt all metallic ſubſtances are capable of greater or lefler 
dephlogiſtication, according to the ſpecies, concentration, and 
dephlogiſtication of their menſtruum. The more they are 

dephlogiſticated, the greater their affinity to phlogiſton; and, 
in general, the lefs their affinity to the mineral acids. Yet 
there is a point of dephlogiſtication at which the attraction of 
acids to the calces is ſtrongeſt: thus the vitriolic acid attracts 
biſmuth moſt ſtrongly after it has been dephlogiſticated by the 
nitrous acid; and the marine acid attracts both biſmuth and 
nickel more powerfully, when dephlogiſticated by the nitrous 
or vitriolic acids. 

From theſe data we may eaſily conceive, in moſt caſes, what 
will happen on putting one metal into the ſolution of another. 

Thus, if a piece of copper be put into a ſaturate ſolution of 


ſilver, the filver will be precipitated ; for the balance i is in 
favour of the divellent powers. 
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Quieſcent 


| | Quieſcent {Minities. by 2 Ok 


Nitrous add to fer 375 | Nitrous 00 to en — 256 
Calx of copper to phlogiſton 303 | Calx of filver to phlogiſton 491 


Sum of the quieſcent affinities 738 | Sum of the divellent — 746 


The ſolutions muſt be nearly ſaturate, elſe a large quantity 
of the added metal will be diſſolved by the free acid, before 
any precipitation can appear; yet it muſt not be intirely ſatu- 
nate, at leaſt in ſome caſes, as will preſently be ſen. 
I faid in mgft caſes, becauſe in forne, particularly where mer- 
cury, bifmuth, cobalt, regulus of antimony or arſenic, are 
uſed,” another power intervenes which has not yet been fully 
inveſtigated, viz. the attraction of calces to each other, which 
I ſhall occaſionally mention. 5 

It is worthy of obſervation, that the precipitatirig metals are 
more dephlogiſticated by this means than by direct ſolution in 
their reſpective menſtruums, and are even diſſolved by men- 
ſtruums that would not otherwiſe affect them; becauſe their 

| phlogiſton is torn from them by two powers inſtead of one: 
thus, though copper be directly ſoluble in the vitriolic' acid, 
only when this acid is concentrated and heated to a great 
degree, yet if a piece of copper be put into a dilute cold ſolu- 
tion of ſilver or mercury in the vitriolic of acid, or even into a 
dilute ſolution of iron, expoſed to the open air, it will be diſ- 
ſolved; a circumſtance which juſtly excited the wonder of Mr. 
MARGRAAF and Mr. wENZEL, who did not apprehend the 
theory of it: and henee we ſee how vitriol of copper may be 
formed by nature, and why it always contains a mixture of iron. 

Of ſolutions in the vitriolic acid. 

This acid diffolves iron and Zinc, without the aſſiſtance of 
heat; becauſe its affinity to their calces is greater than the affi- 
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* M. n wANH“s E | ruatic 
nity which theſe calces. to "that portion of phlogiſton 
which they muſt loſe before they can unite to the acid, as may 
de ſeen by inſpecting the table; but all other metallic ſub- 
ſtances unite to this acid only where it is concentrated and 
heated. ta A 105 885 


3 


07 ſlutions 3 in ihe nitrous acid.” „ 


The Ou wy has leſs efinity to all metallic Ae 
than either the vitriolic or marine. It has alſo leſs affinity to 
them than they have to that portion of phlogiſton which they 

' muſt loſe before they can unite to it; yet it diſſolves them all 
(gold and platina excepted)! even without the aid of heat be- 
_ cauſe it unites itſelf to phlogiſton unleſs too dilute; and the 
| heat produced by its union with 1 is ſufficient to 
promote the ſolution. 
ut if it be too concentrated, it © il not ac Eber on Jovi 
or ſilver, without the aſſiſtance of heat, as BOYLE and BOER- 
 HAAVE have remarked “; for the difference betwixt its affinity 
to theſe metals, and that of theſe metals to the portion of 
phlogiſton which they muſt loſe before they can unite to it, is 
very great; and when it is very concentrated, the liquor deve 
not contain fire enough to throw the phlogiſton:and it into an 
atrial form, and reduce the ſolid to a liquid ; the ſame would 
probably be obſerved with regard to mercury, if it had not 
been already in a liquid ſtate. STAHL. has alſo remarked, that 
it produces very little heat in diſſolving ſilver, and none in diſ- 
ſolving lead or mercury +. This 1s eaſily explained, now that 
we know that ſilver contains but little phlogiſton, and lead 
much leſs, the heat being evidently produced, according to the 


* 1 SHAW'S BOERH, 508. 2 SHAW'S BOYLE. 335. 
+. STAHL ſur les ſels 168. 
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law diſcovered by Dr. CR AWFORD, by the union of phlogi logi 
to the acid; for metallic calces produce no Heat?" As * mer- 
cury, the obſervation is not exact, for its ſolution is ene 


with heat, as Mr, L avorsrts has obſerved, 1 Lavas.' 248; 


, ſoluti ion: in the marine acid. | * 


This acid is known to dephlogiſticate metals leſs than any 
n Where the portion of phlogiſton, neceſſary to be ſepa- 
rated, is more ſtrongly attracted than the acid itſelf, it can 


operate no ſolution, or at leaſt very ſlowly, without the aid 


of heat; nor even where the attraction of acid is ſtronger to 
the calx than that of the portion of phlogiſton it ſeparates, if 
the proportion of acid to ſuch calx be very ſmall; becauſe ſo 
ſmall a quantity of acid does not contain fire enough to volati- 
lize the Phlogiſton; ; and hence heat is neceſſary for the ſolution 
of lead in this acid. The en acid acts more 
powerfully. 


0% precipitation * and 4% iron. 


The eel precipitations of iron and copper from the 
Arie acid by each other, have been well explained i in a ge- 
neral manner by Mr. MonNNET and Mr. BERGMAN; I ſhall here 
thew the reaſon of theſe precipitations more diſtinctlxy. 

If a piece of copper be put into a ſaturate ſolution of iron, 
freſh made, no precipitation wilt happen, nor will any of the 
copper be diflolved in twelve hours, nor even in a longer time, 
if the acceſs of air to the ſolution be prevented; but if the 
ſolution be expoſed to the open air, the addition of a volatile 
alkali will ſhew. the copper to have been acted upon mn 24 
hours, or ſooner if heat be applied, and a calx of tron is pre- 
cipitated. The operation of the- affinities in the: firſt caſe is as 
follows. 


Vor. LXXIII. L Quieſcent. 


* f 3 | - 4 | f | 4 2 % * wh 
— AY, wether 7 70 git 7 „edc * * : * 9 # Bey 55 WY | 


inked calx of en 4 Vitriolic n 0 05 
Coppet ts its ꝓhlogiſton 360 OCak of „ 290 
Sum - 3 d | Sum © £0. * 


Hence, in this FEY no 1 can happen; but in 
the ſecond cafe, much of the phlogiſton of the ſolution of 
iron having eſcaped, the affinity of the calx of inon to acid is 
diminiſhed, and that to phlogiſton is increaſed, and — 
the — nn ny be ee 


and hs divellent. 


Vitriolic acid to the calx of iron 240  Vitriolic acid to copper „ 
Copper to its — W | Calx of iron to phlogiſton 2 37⁰ 
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But from the wats affinity of the calx of iron to phlo- 
giſton i it might be inferred, that as the iron recovers its phlo- 
giſton, the acid ſhould re- act upon it and quit the copper; and 
this would certainly happen, if it recovered its phlogiſton in 
ſufficient quantity, but the acceſs of air and heat prevents its 
retaining it, at leaſt in ſufficient quantity. 

This increaſed affinity of the calx of iron to phlogiſton is not 
a mere ſuppoſition ; for, if into a ſolution of iron, fo far de- 

phlogiſticated as to refuſe to cryſtallize, ſome freſh iron be put, 
the impoveriſhed calx will re- attract ſo much of the phlogiſton 
given out during the ſolution of the freſh iron, that it will 
now afford cryſtals, as Mr. MONNET has obſerved in his excel- 
lent Treatiſe on Vitriolization. The diminiſhed attraction of 
the calx of iron to acids is allo evident from this experiment, 
: as" 


? 
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| (lution of iron; in order to re-eftablith its trauſparency. Ia 
calces of copper alfo precipitate a dephlogiſticated ſolution of 
iron, as they fhould, the affinity of the acid to ſuch calx of 
iron being 240, and that to copper being 260. With regard to 
the ſolution of iron in nitrous acid, the ſame thing happens; 
but as this ſolution contains a large exceſs of acid, a portion of 
copper 1s diſſolved even before any of the iron is precipitated. 
With regard to a ſolution of iron in the marine acid, though 


24 hours. 


in the vitriolic acid, the copper is immediately precipitated; for 
here the quieſcent and divellent affinities exhibited in the firſt 
ſcheme are reverſed, the quieſcent becoming the divellent, and 
vice verſd. It is needleſs to add, that copper is in the fame 
manner precipitated by iron from the nitrous and'marine acids. 

Hence the practice of extracting copper from ſome mineral 


| afterwards, by evaporation, vitriol of iron ; but it is remarka- 


fit for dying, 2 SCHLUTTTER 507. The reafon of which is, 
chat it is more dephlogiſticated, not only beeauſe old iron is 
chiefly uſed, bur becauſe copper, containing more phlogiſton 
than an equal weight of iron, deprives it of more of its phlo- 


acid. 


tate a ſolution of copper; and in effect Mr. BERGMAN har 
found * it contains leſs phlogiſton than bar 1 iron. 


f 4. 


expoſed to the open air, * precipitates nothing from it in 


But if a clean piece of 1 iron be put into a ſolution of copper 


waters by means of iron. Theſe waters, therefore, furniſh 


ble, that this vitriol is much paler than the common, and lefs 


piſton than it would loſe if barely diffolved 1 in che vitriolic - 


Caſt iron, according to $5CHLUTTER, will fearcely precipi- p 


1 2 [el „ 


2 Mr. xinwan's Baperiments. ter Rin „on 
I have always found rr to be eaſiy precipitated.from ; 
ſolution in the nitrous acid by iron. The ſum: of, the- rs don, 
affinities being 625, and that of the divellent 746; yet Mr. 
BERGMAN obſerved, that a very ſaturate ſolution of filver was 
very difficultly precipitated, and only by ſome ſorts of 1ron, 
even though the ſolution was diluted, and an exceſs of acid 
added to it &; the reaſon of this curious I henomenon appears to 
me deducible bar a circumſtance firſt obſerved by Mr. SCHEELE, 
in diflolving mercury, namely, that the nitrous. acid, when 
ſaturated with it, will take up more of it in its metallic 
form +. The ſame thing happens in diſſolving ſilver in the 
nitrous acid in a ſtrong heat; for, as J before remarked, the 
laſt portions of flver thrown in afford no air, and conſequently 
are not dephlogiſticated. Now this compound of calx of 
ſilver, and filver in its metallic form, may well be unprecipitable 
by i iron, the ſlver, in its metallic form, preventing the calx 
from coming in contact with the iron, and extracting phlo- 
giſton from it: and hence alſo, iron has ſometimes been ob- 

ö ſerved not to precipitate a ſolution of mercury in this acid 1 1. 
It has been long thought, that iron may be precipitated from 
acids by zinc, though NEW MAN long ago denied it; but Mr. 
 BERGMAN has atis factorily cleared up this point, by ſhewing 
that zinc cannot precipitate iron from the vitriolic acid, until 
the ſolution of iron loſes part of its phlogiſton. With regard 
to the nitrous acid, I found, that Zinc does not precipitate iron; 3 
but, on the contrary, iron precipitates zinc; but in a ſhort 
time the acid re · diſſolves the zinc, and lets fall the iron, which 
evidently proceeds from the too great dephlogiſtication of the 
calx of iron. But zinc precipitates iron from the marine, 


Diſſert. de Phlog. Quantitate in Metal. p. 6. 
+ 39 svexsx. Handling, p. 70. 

5 2 CAEII. Nev. Entdeck. p. 266. 
; though 
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aka difficulty; for alter 24 a — calls ſtill firuck 
a black. I ſhould: alſo add. that iron does not n zine 
from the vitridlic acid. 1 3161 02260” b 
Moſt metallic ** n by; iron . FEY ni- 
trous acid, are in ſome meaſure re- diſſolved ſhortly after, as 
the nitrous acid ſoon dephlogiſticates the iron too much, then 
lets it fall, and re· acts on the other metals Jac re-diflolves 
them. | 10 
The precipitation of the argillaceous each from allum by 
iron is owing to the exceſs of acid in the allum which firſt 
dephlogiſticates the iron ; and when this 1s dephlogiſticated, it 
attracts the acid more ſtrongly. Earth of allum, on the other 
hand, precipitates iron when the ſolution of iron is dephlo- 
giſticated by heat. It may alſo produce this effect by deprivi ing 


iron of its exceſs of acid which keeps it in ſolution. 


07 precipitation of and by copper. 


When ſilver is diflolved in the nitrous acid, and a piece of 
copper is put into the ſolution, it ſometimes happens, that the 
ſilver is not precipitated, as Dr. LEwis has obſerved“. This 
happens either when the nitrous acid is ſuperſaturated with 
filver having taken up ſome in its metallic form, as already 
obſerved ; or when the ſilver is not much dephlogiſticated, for 
then its affinity to phlogiſton, which is the principal cauſe of 
its precipitation, is leſs than 491; therefore, the remedy is to 
heat it and add more acid, by which it is dephlogiſticated fur- 
ther. However, the nitrous acid always retains a little ſilver. 
schLurTER. 362. Hiſt. Mem. Par. 1728. 
It is commonly ſaid, that if filings of copper be put into a 
boiling ſolution of allum, vitriol of copper will be found, and 


* Commercium Philof, p. 157. 3 
the 


$. M.. Knaus Reim and Oer Ui on = 
the earth of allumprecapitated.. If this were true it would be 
very ſurpriſing, as copper 1s ſoluble, even with the aſſiſtance of 
heat, only in the concentrated vitriolic acid. Hence I made 
the experiment, and found, that after 20 hours. boiling not 
the fmalleſt particle of copper was diflolved, for the colour of 
the ſolution: was not altered by volatile alkalies: and though the 
allum was precipitated, it ſtill retained its. faline form, ſo that 
it loſt only i its exceſs of acid in this experiment. Y 


7 


of precipications of and by tin, 


Tin is not precipitated, in its metallic form, by any metallic 

ſubſtance; and. the reaſon: i is, becauſe its precipitation is not the 5 
effect of a double affinity, but of the ſingle greater affinity of 
its menſtruum to every other metallic earth. Metals that are 
precipitated from the nitrous acid by tin, are afterwards re- 


diſſolved, becauſe the acid ſoon quits the tin, it becoming tc too 
much dephlogiſticated. 


0 


| of ee if a pr by had. 
Metals diſſolved in. the vitriolic and marine acids, and preci- 
pitable by lead, according to the indication af the balance: of 
affinities, are yet ſlowly: preetpitated, becauſe the firſt portions 
of lead, that are diſſolved, form ſalts of difficult ſalution, which 
cover its. ſurface, and, protect it from the further action of the 


acid; and yet it contains ſo little phlogiſton, that a great deal 
of it muſt be diſſolved before it gives out enough. to precipitate 
the diſſolved metals. ö 

Mr. BERGMAN obſerved, that a very gente ſolution of lead 
is, difficultly, if at all, preeipitable by iron. Does not this 
alſo, ariſe from ſome lead being taken up in. its metallic form? 
5 } Goes not precipitate lead from the marine acid, though a 


% 


pre- 
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— appears ; for this precipitute ſtill retains the matine 
cid: on the ary A lead i iron from this acid, 


* very * f 
| of precipitations of and by mercury. 


Though the difference berwixt the quieſcent and divellent 
powers be very ſmall, yet mercury is quickly precipitated from 
the vitriolic acid by copper; becauſe the attraction of the calx 
of mercury to phlogiſton 1 is very ſtrong, and a very ſmall * 
portion of that contained in copper is ſufficient to revive it. 
| Silver does not precipitate mercury from the vitriolic acid, 
unleſs it contains copper, and then it does precipitate it; yet if 
filver-and turpeth mineral be diſtilled, the mercury will paſs in 
its metallic form, wENZEL 42. ; which ſhews that the affinity of 
| calxof mercury to phlogiſton is increaſed by heat. T he difference 
betwixt the quieſcent and divellent powers is indeed very final. 
= Silver appeared to me to precipitate mercury from the nitrous 
acid, though very ſlowly, when the ſolution of mercury was 
made with heat, and not over ſaturated ; but when the ſolu- 
tion of mercury was made without heat, it was not at all pre- 
cipitated. Ou the other hand, mercury precipitates filver from 
| this acid, not by virtue of the ſuperiority of the uſual divellent 
powers, but by reaſon of the attraction of mercury and filver 
to each other, for they form partly an amalgama and partly 
vegetate, and ſcarce any of either remains in the ſolution. 
The ſame thing happens, that is, they vegetate, if ſolutions of 
both metals in the ſame acid be mixed together. 

Silver does not precipitate mercury from the ſolution of 
ſublimare corrofive ; but, on the contrary, mercury precipi- 
tates filver from the marine acid: and if a ſolution of horn 
filver in volatile alkali be triturated with mercury, the filver 

will 
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will be fred from its acid aud calotmel formed, -1-MArorAny 
284. ;:ahd:yet, if ealomel and ſilver be diſtilled; the mercury 


nor does copper from vitriol of wiſmuth. Copper is ſaid to 
precipitate wiſmuth from the nitrous acid; but I have alſo ſeen 


Mr. RWA Eiperimenti and Obſervations on 


90 


will paſs in its metallic form, and horn filver will be formed, 


ibid. 26. The ſame thing happens if filver and ſublimate 


corroſive be diſtilled, 1 rorr. 338. sT AHL. des fels, 306 ; the 
affinity" io * al of mary: to went wit — ow! the 
heat. DIET: CF F441 | | 4 11 — 4 


Oo precpitation of and by bi Yin. 


" Wah reſet tothe vitriolic acid I have made the ow of Fa 
quieſcent and divellent powers equal, though in fact ſome- 


times the one preponderates and ſometimes the other. Wiſ- 


muth precipitates nothing from vitriol of copper in 16 hours; | 


copper precipitated. from this in its metallic form by wiſmuth. 
The variations o proceed from the different dephlogitication' 0. of 


W e C2 | 1 25 
| Of precipitation 27 and by nickel. LE pF: 


| Unleſs nickel be pulveriſed it ſcarcely precipitates any metal. 
Zinc precipitates a black powder from the ſolution of nickel 


in the vitriolic and nitrous acid, which Mr. BERGMAN, by a 
method peculiar to him, has ſhewn to conſiſt of arſenic, nickel, 

and a little of the zinc itſelf. The arſenic attracking the calx 
of nickel *; but zinc precipitates nickel from the marine acid. 


The ſolution of iron in vitriolic acid acts on nickel, and 
that of nickel in this ſame acid acts on iron; but neither pre- 


cipitates the other in 24 hours; but on longer reſt, iron ſeems 


to have the advantage; but iron clearly . nickel 
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the ArtraBtive Powers of Mineral ui,. 81 
from the nitrous acid; and though nickel ſcems alſo to prect+ 
pitate iron, yet this ariſes 2 0 from the gradual dephlogiſticas 
tion of The iron. 

Nickel precipitates copper in its metallic PER from. the 
vitriolic acid. It alſo precipitates copper from the nitrous and 
marine acids; but copper precipitates arſenic. from a nitrous 
ſolution of nickel. The vitriolic and nitrous ſolutions of lead 
ſeem to act in ſpecie on nickel, that is, to diſſolve it without 
any decompoſition, the calces uniting to each other. The vi- 
triolic and nitrous ſolutions of nickel for ſome time act on lead 
in the ſame manner; but at laſt nickel ſeems to have the ad- 
vantage. With regard to the marine acid, lead ſeems to have 
the advantage, though a black precipitate is ſeen, whichever 
of them is put into the ſolution of the other. 
Nickel readily precipitates wiſmuth from the vitrioli ic pan 


metals ſoluble ; in the ſolution of the other, yet nickel precipi- 
tates wiſmuth very Dowly, and only as to part; and wiſmuth 
precipitates a red powder, which L taks.! to be ochre, from the 
ſolution of nickel. 
Nickel and tin are ſlightly acted on, 4 1 the ſalt of the 
other ; but the precipitations a are as indicated by the balance of 
affinities. 


Of preciputations Ul and by cobalt. 


Cobalt is not precipitated either from the vitriolic or nitrous 
acid by zinc; but it ſeemed to me to _ precipitated by zinc 
from the marine acid. | 

Though iron precipitates cobalt: 8 the chad acids, yet I 
found much of the cobalt retained both by the vitriolic and 
nitrous acids, particularly the latter, which, aftex letting fall 
Vor, LXXIH. M the 


nitrous acids; but as to the marine 1 found each of theſe femi- , 


14 1. Mes 


We eobate; afterwards re-takes it a1 
cated ealx of 1 iron. e 
Ni ickel alſo, thou * it ties not precipitate e itſelf, 28 
appears by the 1 remaining redneſs of the ſolution, yet conſtantly 
precipitates ſome other heterogenous fabſtance from it. The 
_ folution of eobalt in the marine bra; on ang A: by the: 
addition of nickel. N 
15 'Wiſmuth 3 is ſoluble in 45 vide and inn Ginn of 1 
cobalk, and eauſes a ſmall white precipitate, but does · net affect 
the true cobaltic part. Theſe folutions in vitriolie acid cannot 
de attributed to an exceſs of acid, as they are made in a dilute: 
zeid, and without heat. Copper alſo precipitates a white ſub- 
ſtance from the nitrous ſolution of cobalt,. * I take to be 
arſenic. 

It is Gfkeule to procure either nickel. or cobalt v very pure; it 
is evident thoſe I uſed were not &@: :: 


and 


b dernde 


<4, 


, WS © > 


of 


Of precipitations of and by regulus of antimony: 


- neither precipitates, nor is precipitated from, tho 
vitriolic acid by regulus of antimony, at leaſt in thare. 1 3: | 
but vitriol of antimony in ſ pecie diffolves it ſlowly. 
The regulus is atfo- acted upon by. vitriol- of lead, for it be- 
comes red after remaining 16 hours in the ſolution of that vi- 
triol; and lead ſcarcely. precipitates it from the vitriolic acid. 
J alſo found, that n regulus precipitates vitriol of 
mercury very ſlightly. 
Wiſmuth neither precipitates, nor is precipitated by, this 
regulus from the vitriolic acid in 24 hours. 
Though tin precipitates this regulus from the nitrous acid, 
yet if the regulus be put into a ſolution of. tin in this acid, in 
16 hours neither will be found in the ſolution, either 


3 


2 | the. Aue, n of, Mergel 
„e. ur eee or of abe, union, 
calces to each other. . 
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2cid, but 21 triple ſalt ſeems to be formed, confiſting e 


of iron. PIT wa £43 „ 01 
Neither FE copper b tbe regulus 05 e 
in 16 hours ; and if the regul us be put into marine falt of. 
copper it will be diſſolved, and volatile alkalies will not 

a blue bu a yellowiſh white * . that here "ah ; 
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The ſalutions of eſis act 1 in moſt 1 7 like —. nb 
bee iron, copper, lead, nickel, and zinc, are ated on by 
vitriol of arſenic (that is, its ſolution in vitriolic acid) but 


ſcarce give any precipitate. ; 
Neither does iron precipitate arſenic from the nitrous acid, 


but copper does, and even ſilver gives a flight white precipitate; 'M 


but regulus of arſenic precipitates filver completely in 16 hours. 
Hence the former precipitate ſeems. to be a triple ſalt. 
Mercury alſo ſlightly precipitates arſenic from the nitrous 
acid, and ſeems to unite to it, yet 1s irfelf precipitated by 
regulus of arſenic in 24 hours. Bu 
Wiſmuth forms a ſlight precipitate in the nitrous ſolution of : 
arſenic ; but regulus of arſenic forms a copious precipitate in the 
nitrous ſolution of wiſmuth ; ſo that I believe the calces unite. 
Nickel does not precipitate arſenic from the nitrous acid, but 


both calces unite ; but regulus of arſenic produces a copious pre- 
cipitate in the nitrous ſolution of nickel, yet the liquor continues 


M 2 


green; 3 


Iron does not precipitate this . intiecly TE the marine 
of he 
acid and bam The * 5 alſo ſoluble 1 in in alt | 
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65 Mr. x1 — b e Ke. 
Sl? : prongs certainty the nickel is not precipitited ; thewhite 
rec 285 in N caſe ſeems to be ſuighely dephlogiſticated 
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1 Bis regutus alſo caſes ee pe bas jar th the aur 
ſwiurton # cobalt, bye lie kquor fill e continues xe r 2 
With : regard to the marine acid, copper precipitates — 
ceprati e, vt volatile alkafles do hot ſtrike a blue with this ſolu⸗ 

tion, Wich thews the copper unites with the arſenic; Iron 
alſo o precipitates the arfenic. | Tin is ſoluble in marine ſolution. 
of arſenic, but ! 1 could obſerve no . nor does — 
of arſenic precipitate tin. | bon rel of, 
Neither wiſmuth nor 8 8 of FA W wk 
other from the marine acid in 16 hours. Regulus of antimony 
is alſo ated upon by the marine ſolution, of arſenic, though it 


cauſes no precipitate, 1 nor | ns the Sap of arſenic * 
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\HE RE are certain diſeaſes which are peculiar tc to certain 
countries only, and are thence called endemial ones of | 
0 particular countries where they occur. The more pro- 
greſs we make in the diſcoveries of countries, the more we are 
convinced of this fact, and the greater is the number of thoſe 
diſeaſes that become known. Their formation may depend on 
climate, food, water, hereditary diſpoſition, and other cauſes. 
Many endemial diſeaſes of the moſt diſtant countries have been 
deſcribed by ingenious travellers ; ; but as the Europeans have 
not yet penetrated into the 1 interior parts of many countries, it 

is probable, that there may be ſeveral more of this kind, en- 
tirely unknown to us. A diſcaſe of this claſs, which I have 
ſeen at Senegal, and which. as far as I know, has not yet been 
mentioned by any author, convinces me of what I have ad- 
vanced ; and as it is a remarkable one, I think a ſhort deſcrip- 
tion of it may not be unacceptable to the curious in phyſic. 

Mr. 8isHoee, ſurgeon in chief of the province of Senegambia 
(who.now reſides in London) telling me one day, that he was go- 
ing to ſee a poor black man of the Bambara nation, afflicted with a 
; os moſt 


I 


96 Dy. SCHOTTE A Debra 7 
moſt extraordinary and dreadful diſeaſe in his teſticles, T acrom- 
panied him, being glad of the opportunity of ſeeing it. We 
entered the hut, and ſaw the man lying on a negro bed. ele- 
vated about a foot from the ground. He ſaid. to Mr. Ihorr, that 
there was again an ulcer on his ſcrotum, which had made him 
take the liberty to requeſt | his attendance. J looked at the ſero- 
tum, and found it of an aſtoniſhing ſiae; but the place where 
he lay being dark, the hut having no windows, and thoſe 
people having no candles, he was aſked, if he could not Walk 
towards the door, that we might ſee better. He anſwered, that 
he would try; but this was attended with much difficulty. A 
long cotton, ſheet was. firſt ſpread on the ground before the bed, 
which being done, he took, with both his hands, the enqr- 
mous ſcrotum, moved it gradually onthe border of the bed, Jet 
it ſlide down gently, and put it into the middle of the ect: 
after this he took the two ends of the ſheer, paſſed them uß 
the fore-part of his body, over his ſhoulders, and had them 
tied behind his neck. This being done he got up, pla- 
eing the right-hand upon bis right-thigh, and holding the 
ſheet with the left-hand, and proceeded in this manner, with 


huis knees a little bent, ſlowly towards the door, partly fliding 


the ſcrotum on the ground, and partly ſupporting it with his 
neck by means of the ſheet. I was aſtoniſhed at its enormous 
ſize, when I ſaw it in the light, and yet I neglected to meaſure | 
it, thinking at the time, as is often the cafe; that I ſhould 
have.opportunities enough to do it ; but the ſudden invaſion of 
the iſland by the French prevented me afterwards from per- 
forming it. However, according to my gueſs, and without 
any exaggeration, the whole maſs might be about two feet and 
a half long from the os pubis to its lower extremity, and 


about <ighteen inches in diameter acroſs from thigh to thigh. 
Its 


ed Oy Man,; T 
Its weight, 1 wil only. ſtate 


it muſt certainly” have exceeded, that weight. It was of an ob- 


long form, and reſembled. i in ſome meaſure the ſhape * the 
ſcrotum of a bull. It felt very hard to the touch, and the Kin 
of it was ſo tight, that it could not be pinched by the 9 
The penis was quite hid in the bulk, as generally happens 


when the ſcrotum is much extended, and may be eafily com- 


prehended by thoſe who have ſeen large ruptures. The ſkin of 


the perinæum and of the abdomen was drawn downwards. 


the navel being nearer to the os pubis than it is in the natural 
"1 ſtate. There was a large aperture formed by the ſkin about a: 
foot. downwards from the os pubis, rather inclining towards the 


right-fide, out, of which the urine came, which, however, 
did uot run in a ſtream, but came irregularly from all the inte- 

rior ſides of the aperture. When he made water, he inclined 
the maſsz which reſted on the ground, a little forwards, and 
he held a wooden bowl cloſe underneath the aperture, into 


which the urine was immediately received, that it might- not 
run along the maſs, and occaſion excoriation: | 

There was an ulcer on the anterior part of the ſcrotum, . 
rather towards the left-ſide, of about two inches long, and one 
inch broad and deep. He ſaid, that it had begun with a puſtule - 
or boil, which being broke had gradually increaſed to this ex-- 


tent. The pus which came from it was white, thick, and of 
a good kind. The bottom of it was red, and, when touched 
with the probe, gave him very acute pain. The edges of it 
were not very callous, and in appearance it did not much differ 
from an ulcer of a good kind in any other fleſhy part of the 


* No other rden were applied to it but thoſe generally g 
_ | _ 


* 


4 N. t fifty pegs, as it was efti- 
mated. by Mr. BiSHoPP, though 1 belieye it to haye been more, 


and indeed-from its dimenſions, and from i its being a ſolid maſs, 
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88 = Dr.» scho YE s r. he- hu of a 
uſed ir in common ulcers. "Ir yas f filled up from the b bottom with 
Unt ; ; a pledget of baſil icum was put over it, and the edges 
were r now and then tou iched with blue vitriol. By thoſe means 
granulations began to thoot from all ſides, the ſore filled up 
gradually, and a cicatrix was formed. He had had fmaller ulcers 
of this kind in other parts of the ſcrotum before this time, 
which, Mr. B1sHoee told me, he had treated with the ſame 
ſuccels. Rs 
The man was rather thin than fat, and might be about fifty 
pears old. He himſelf, like moſt blacks, did net know his 
age ; and if he had pretended to know it, 1 might, perhaps, 
not have believed him : for as old age is much reſpected among 
thoſe people, they are very apt, when they are once paſſed 
fifty, and have grey hair, to call themſelves older than they 
really are, in order to command reſpect. His abdomen ſeemed 
rather empty, and appeared drawn in towards the ſpine ; yet 1 
do not think, that any of the inteſtines had deſcended into the 
ſcerotum, or if any had paſſed down, the annuli of the abdo- 
men muſt have been ſo dilated as not to occaſion the leaſt ob- 
ſtruction in them; for he never had, to my knowledge, any 
of thoſe complaints or ſymptoms which attend ruptures. | Be- 
ſides this, it is to be obſerved, that ruptures are not very com- 
mon among the blacks about Senegal ; | indeed 1 can fag, that 
I never ſaw one of them. 8 59 
Having thus far, given an account of what I ſaw myſelf of 
this remarkable diſeaſe, | ſhall now relate what I have been cre- 
dibly informed of by other people concerning its beginning and 
progreſs. The man had been purchaſed up the river as a ſlave, 
when he was about the age of puberty, and brought down to 
Senegal, where he was kept as a houſe- ſervant by an opulent in- 
babitant. He was for fome years healthy and well; but 
afterwards 


| Sarebiole © a Black Mae" $5. 


afterwards his teſticles began 1 to {ſwell fy, without — -. A 
flammation, pain, or ally other inconvenience. They iticreaſed 
gradually, though flowly, and becarne fore years after of ſuch 0 
a bulk, that he was neither able to walk n nor perform his uſual 
work. That he might, however, not be quite idle, as he was 
otherwiſe 4 ſtout and able fellow, he uſed to cut bars of i1 iron 
into pieces of a foot long, which bear a certain price at Senegal, 
and go among the blacks like current money. This he could 
do fitting with a chiſel and hammer, and a ſmall anvil placed Oo 
before him on the ground, bis legs bent under him, and the | 
big ſerotum reſting on tlie ground. Mr. BISHOPP had ſeen him 
perform this work for many years; at laſt, however, the ſcro- g 
tum increaſed to ſuch a degree, that the great bulk prevented 
him from doing it 4 longer. From the time that the diſor- 
der had firſt begun to thew itſelf to the time I faw him, five li 
and twenty years had elapſed ; he was alive when 1 left the I! 
ifland in February, 1779, and may be fo now. : . 
This man was the one I ever ſaw affli ted with this diſeaſe at 
Senegal ; but I am credibly informed, that it is endemial in a 
country which goes, among the blacks at Senegal, by the ge- 
neral name of Galam, and of which this man was a native. 
This country hes eaſt of Senegal, at the diſtance of about nine 
hundred Englith miles, and its inhabitants are called Bambaras. a 
| have been told by thoſe inhabitants of Senegal, who go 
annually in the rainy ſeaſon in a fleet of ſmall craft to Galam 
for trade, that this diſeaſe is particularly common among the 
chiefs or noblemen of that country, who are ſtyled in their 
own country language Batcherees; and that they have large 1 
wooden -bowls, fixed on the fore · part of the ſaddle, into which 
they place the big ſcrotum when they take a ride on horſe· back. 
Though this latter circumſtance ſeem a little romantic, yet as 
N -- it 
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| it \ hog been. rclated, to, me, not by one but by; many, ſeparately 
ad at. different times, 1 give it credit, and I hays nat the leaſt 
hehratign to believe, that the di eaſe 1 is; common there, Many 
of the. inhabitants of Senegal have applied to me preriouſſy to 
their letting off for thar country, and alked- me, if 1 could not 
give them medicines which would, cere that. diſordet, with A 
promiſe, | that if they proved ſu veceſsful, might be ſure of a 
very ample reward of gold; but the mprobability, of. ſucceed. 
ing in the reduction of ſuch engrmonz maſſes to. .their priſtine 
ſtate prevented me from giving them In:, l 0 | 
When L was, at Fort James in the river, Gambia, for a. thort 
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time! in the. year 1776, F was tal 405 aue Marabbuts, « or. Ma- 5 


now "nd then. to > be x met with, among the Saks af their nation, 
and that, they k knew, no, cure. for 1 155 1 hays. N. reaſon to, 
1 5 Ae 


, 1 * 1 N F 
, $ . "Y : Y; ; * : * c 
5 # 5 ' » * 0 { * 17 1 
9 ; 1 3 4 
4 3 # 4 4 * & + p 5 & & FI ' # r * pl 3 * + - R * — Ef 


" 5 ; en 5155 4 | BR + > 52S, * 6 1 
* It is to. be obſerved, \that- thoſe, Varabhyts 05 88 8 


zious matters, to the Koch of pl 8 but, only as far as It ceſts on experience. 
alone, without entering ab cue Inveſligatioh of the caufes of iſeaſes.. They are 
alſo often called upon by the kings and chiéfs to give their-opinioft in points of 
law and equity. Moſt, of, them are well verſed in the Arabic; language of the 
Mauritanic dialect, and they are the only people of letters among the blacks; for 
none of, the black nations about Senegal and Gambia haveeven, an, alp abet. much 
leſs any writings in their own Janguages. 1 believe the ſelling of charms conffi-, 
tutes the greateſt part of their revenue: and "the more reputation one of them 
has acquired, the dearer he ſells them, Theſe charms uſually conſiſt i in- .nothing 
but a few-lines taken from the Koran, written, on a little piece of paper, which, 
after being ſewed up very nicely in leather or cloth, the buyers wear about their 
bodies. They are to defend and protect them in dangers; but, as one charm . 
has only the power of protecting them againſt one ſingle kind of danger, they are 
obliged to have a great many of them, in order to have a protection againſt every 
pProbable danger that may befal them; hence many of the blacks are covered 
with em in different parts of the 00 5: and they have ſuch a tfoog faith in 


them, 


eee Black Man. + 9 
diſcredit their aflertion, and what makes it more probable to 
me is, that the Mandinga and Bambara nations ſeem to be 


neafy related to one another in outward " appeſrante, cuſtötms, 
5 US TETIRCE BIBT) 


them, that whe "RE are farprized i in the a time by an enemy, they will not 
take up arms for their own defence, though in the moſt imminent danget, tillthey 
have. dreſſed themſelves with thoſe charms, ,and then they will meet bim undaunt- 
edly. This faith in charms, however, is a corruption of the Mahometan religion, 
and che Moors, who'tive on the north- fide of the river Senegal, obſerving it in its 
purity, make no uſe of them. The Marahbuts of the black nations, as well as 
thoſe of the Moors, are alſo the principal merchants and the moſt opulent people 
among them, and the gum trade on the river Senegal is chiefly carried on by thoſe 
of the Moors. The Marahbuts are alſo the only people who can travel with any 
ſifety into diſtant Kingdoms, which no layman can well do without runping the 
riſk of being made a flave. Their religious profeſſion protects them every where: 
they are even reſpected among thoſe nations who are not Mahometans ; and they 
are conſidered by them as godly and virtuous people, and men of wiſdom. - - They 
make proſelytes i in the Mahometan religion every where; and I am inclined to 


++ © 


Marahbuts of the Pool or Fool nation at Senegal who were pretty well verſed | in the 
old teſtament, and knew partly the hiftory of the inſtituter of the new one. One 
day as I was talking with them on the writings vf Moſes, happening not rightly to 
recollect the lmeage from Adam to Abraham, one of them flattened the ſand, made g 
it even, and drew with his fingers on it the genealogy from Adam down to Jacob. 

which, to the beſt of my recollection, correſponded with that given by Moſes. | | 
While he was doing this, I looked at him with pleafure and ſatisfaction, becauſe” 
it reſembled ſo much the rude ſimplicity of che early ages. The Marahbuts reaſon 


in general exceedingly well on ſuch ſubjects as they are acquainted with, hut they 


have a way, like the eaſtern nations, of adducing parables or fimiles in their argh - 
ments which do not always bear the ſtricteſt reſemblance to the caſe in hand, 


though they are very perſuaſive with ſuch people as are not capable of inveſti- 


gating the points in which 'they differ from the caſe in queſtion. 1 was always | 


much delighted with their converſation, and was often forty that I was not maſter 
of their different languages, and able to converſe with them without an inter- 
preter. The Marahbuts of the Moors are more learned and i ingenious in every 
reſpect than thoſe of the black nations; but 1 had not much opportunity of con- 
verfing with them, as they were not allowed to reſide on the iſland. 
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believe, that tbey will extend and ſpread it in time all oh Africa. i have ſeen ſome 
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language, though not entirely in religious matters; fo 
R of the Mandingas are Mahometons, which, the Bam- 
daras. are not. Their languages. reſemble one another ſo neatly 
that a Bambara from Galam, and a Mandinga from the king- 
dom of Barrah, which extends from the fa coaft along the 
north-ſide of part of the river Gambia, can partly underſtand: 
one e another. Both nations have alſo a cuſtom of marking | 
abel children i in various manners by inciſions in the ſkin, and 
that of filing their fore teeth (inciſores) till they become _ 
"<4 pointed, which Limagine they confider as being handſome. | 

As the diſeaſe, according. to the information 1 received, be-. 
ins with a gradual ſwelling of the teſticles without any pain 
or inflammation, I am. inclined to conſider it as a farcocele. 
HEISTER, in his Surgical Inſtitutions, ſays, that the diſeaſe 
begins and increaſes moſtly in the ſame manner, when it 
affects the teſticles themſelves ; but that he never ſaw any of 
them much bigger than a man's fiſt, This. difference in the 
| fize does, in my opinion not, alter the diſeaſe; for we know. 
that the Bronchocele ts hardly known in ſome countries, that 
it is of a moderate ſize in ſome others, ane that in others again 
it has been ſeen to increaſe to. ſuch an enormous bulk as to- 
hang down over the breaſt aud belly; yet this difference of ſize 
does not alter the nature of the: diſeaſe, and it al retains the 
fame name. 

It is difficult to point out the . of ſuch a ſarcocele, 
as conſiſts in the ſpontaneous tumefaction of the teſticles. 
themſelves ; neither do I find any ſatisfactory ones aſſigned by 
the author I have juſt now quoted; and as I have not been in 
Galam, I can hardly ſay any thing probable concerning thoſe of 
the diſeaſe L have. deſcribed; I ſhall, however, {uggeſt the 


following. 
1 


FA 
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As polygamy. is lawful and cuſtomary among the Bimbaras 
as well as among all the other nations about the river Senegal 
and Gambia, and as the riches and conſequence | of a man arg 
eſtimated by the number of wives that he keeps, the chiefs of 
the people have always a great nutnber of them. I have been 
. told, that the Batcherees of Galam have their victuals moſt im- 
moderately ſeaſoned with C ayenne pepper; and J know myſelf, 

that the opulent people of the Mandinga nation make the ſame 
abuſe of it. This may, perhaps, be done with a view to its ope- 
rating as a provocative: for it has-a peculiar effect on the. 


ſeminal veſſels, and will produee erections, attended with a dull 


pain and turgeſcency in the teſticles: I was therefore inclined ta 
think, that the immoderate uſe of this pepper might partly be 
the cauſe of this diſeaſe; but then again this could not be the 
caſe in the man 1 faw.: at OT where none, . or at u ce 
| little of it, is uſed. 
The moſt probable ny of i it PORN? to be an Wey diſ- 
poſition; for, as it only begins. to ſhew. itſelf; about the age of 
twenty-five or thirty, a man · may be father of a great many 
children before it takes place, and as it ſeems to be confined to 
families of the principal people of the Bambara nation, it may 
be, that · the man · [: ſaw. afflifted with it at Senegal was de- 
— from ſuch a family, and made a ſlave in his younger 


thoſe countries. 

The French, who: are the preſent poſſeſſors of the river 
Senegal, may perhaps be able to give ſhortly a more perfect 
account of this remarkable endemial diſeaſe. In the mean 
time, if this ſhould. be deemed worthy the notiee of the Royal 


Society, it will afford the * ſatis faction to _ who has * 


the honour to be, &c. 
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| years by ſome fatal. accident or ther, as is often the e 7 hog 
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. Defeription of « a new Cinfrutiion 97 Eye-glafſe for fuck 
og eleſcapes as may be applied to Mathematical Inflruments. 


By Mr. Ramſden ; ; communicated by Sir Joſeph Banks, Bart. 
* 5. 


Read December 19, 1782, 


O correct the errors in eye- glaſſes, ariſing from their ſpheri- 
cal figure, and alſo from the different refrangibility of 
light, it has been held abſolutely neceſſary to have two, placed 
in ſuch manner, that the image formed by the object- glaſs of 
the teleſcope ſhould be between them; but in thoſe teleſcopes 
that are applied to mathematical inſtruments, the interference 
of the firſt eye-glaſs before the image is formed is productive of 
many bad conſequences; ; ſhould that eye - glaſs have the leaſt 
ſhake or motion whatever, it totally alters the adjuſtment! of 
the inſtrument ; and the diminiſhing alſo of the image by this 
poſition, obliging us to ſhorten the focus of the nearer eye- 
glaſs, the wires in the focus of the teleſcope are thereby conſi- 
dęrably more magnified than they would have been with the 
ſame power, had both the 7 been 385 between the 
image and the eye. . 
Many defects in the micrometer with 8 wires are 
cauſed by the conſtruction of the eye glaſſes of the. teleſcope to 
which it is applied. If only one eye-glaſs is uſed, the field is 
ſo contracted, that it is impoſſible to meaſure the diameter of the 
ſun or moon with preciſion, if the teleſcope magnifies above 30 


times; 
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exact to allow for that error. 


Thoſe who were ſenſible of this defect have thought to correct 


it by the application of an achromatic eye glaſs, on the prin- 
ciple of that kind of object-glaſs, not ſuppoſing it poſſi- 


ble to correct the aberrations from the different refran- 
gibility of light, and alſo from the ſpherical figure of 
the lenſes by any other means than combining a concave lens 
with the convex ones; but the violent and contrary refractions 
from the neceſſary large ſize of the lenſes in proportion to their = 
focal lengths, not only occaſioned great loſs. of light, but 
Z rendered it impoſſible to correct the ſpherical aberration ſo as to 
obtain an angle of viſion much larger than could be had by a 
ſingle eye - glaſs: yet, however abſurd it may haye appeared to 
attempt correcting both aberrations, when the lenſes are both 
convex, and are on the near ſide of the wires, the following 
obſervations will ſhew the praQticability of it; and may throw 
ſome light on the theory of eye glaſſes which ſcems hitherto 


not well underſtood. 


Sir ISAAC NEWTON! * ſhewn in hls Lefiones Optice, in that - 


ſection De Phænomenis lucis per priſma in Oculum tranſmiſſæ, that 
the appearance of colours on the edges of objects when viewed 
through a priſm depends on the proportion of the diſtance be- 
tween. the priſm and the object, compared with that between 


the priſm and the eye, that 1s to lay, the nearer the object is 


brought 


Urs ad on 6 new „cent, Ge. RR. - 

times; and if, to enlarge the field, we uſe the 'preſent con- 

ſtruction of two eye-glafſes, the ,confequence is yet worſe; 
becauſe equal ſpaces between the wires will not then correſpond 
to equal {paces on the objects it repreſents, as thoſe conver- 
ſant in the theory of optics well know; and this inequality 
depending on the form, poſition, and refractive power of the 
firſt eye-glafs, it will be impolhble to have. data mmer 
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bpreought to the''prifin, me leſs * * the b6rdre of cold 
on the'cohtours of. the object. | [2-979 86890 90¹1 
To apply this 20 prattice l pines 4 Pure convex lens 4 Cade 
fig. 1.) with its plane ſide near an object, or un image IN formed 
by the object - glaſs of a teleſcope, and thus magnified the image 
' which, from: the {poſition- of the lens, was ſenſibly free from 
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£ colour; but the reſpective foci of a lens fo pladed being very 


near each other, and on the ſame ſide, the emergeut pen- 


was remedied by placing -a ſecond lens & a'little within the 


being in the. place of the ĩmage, the rays were thereby made 


If, by putting the lens a very near the ĩmage, any im perfection 
in it becomes-t 


refrangibility of light is of little eonſequence compared with 


nearer eye · glaſs: for let a ray (fig. 2.) from an object ©, by 
paſſing through n lens B, be ſeparated into colours, ac being 


at ſome diſtance from thence-are refracted, and the emergent 


another inverſely as the diameters of thoſe pencils. 
If we attend to this poſition of the eye-glaſſes, it will be 
found equally advantageous for obviating the ſpherical aberration 


4 cis diverge o the eye, and give indiſtinct viſion: this 
focus of the former, the combined :foei of the two lenſes 15 
to fall; parallel on the eye, and-/to ſhew the object IN diſtiuctlx. 


too · viſible, that diſtance may be conſiderably in- 
creaſed, without producing any bad effect; for theory, as wellas 
experiment, ithews, that a ſmall aberration from the different 


the ſatne quantity. of aberration-cauſed by the ſpherical figure 
of the lenſes, but even that colouring may be corrected in the | 


the direction of the violet rays, and 41 that of the red; if 
another lens be put at c, the violet rays paſſing through its 
center will ſuffer no refraction, while thoſe ef the red, paſſing 


red and violet will be parallel, when the mean refracting 
-angle of -the lenſes at the incidence of each pencil are to one 
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and we may regulate the direction of the rays in each pencil at 
pleaſure when they approach the axis of the teleſcope, — 

To illuſtrate this, let us compare the effect of the ſpherical 
aberratiori of a lens on an oblique pencil in this poſition with 
that produced by the ſame lens, placed as uſual at its focal 


diſtance from the image. Let AC, fig 3. repreſent the ſemi - 


object glaſs of a teleſcope, Cx its axis, E an eye · glaſs, and F 
the common focus of both the object- glaſs and eye-glaſs. Let 


AFC be an oblique pencil of homogeneous rays, G and H the 


points where the axis and the extreme rays paſs through the 


eye. glaſs: the aberration of this pencil from the ſpherical 


figure of the lens E will be EG- EH*; but as the lens ap- 


proaches towards F, EG and GH, becoming equal, this cauſe 
The effects of the leus k 
will be altogether inſenſible from the ſmallneſs of its aperture 
or it might be corrected in the figure of the object-glaſs, by 


of aberration vaniſhes accordingly. 


Joes its aberration negative as much as this is affirmative. 


It has been uſual to conſider that form and poſition of the 
eye glaſſes beſt that would make the pencils from every part of 


the field interſect each other 1 in the axis of the teleſcope at the 


place of the eye; but this will be found ef little conſequence, 
ſeeing the diameter of a pencil here is generally much-lefs than 


the pupil, nothing more is requiſite than that the eye may take 
in the -pencils from the different parts of the field at the ſame 
time: but the field of a teleſcope will be moſt perfeck when 
the conſtruction of the eye · glaſſes is ſuch, that the focus of 
an extreme and of central pencil are at the fame diſtance 
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have only to make the pencil on ſuch lens as ſmall as poſſible, 
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Let AB (fig. 4.) nen an image — by a mi 
glals of a teleſcope, V the firſt eye -glaſs, as already deſcribed, 
with its plane fide towards the image; let AC be the axis of a 
pencil of rays incident on the fieſt ſurface of the lens V, and Ae 
an extreme ray of the ſame pencil. Take CFto CA as the fine of 
incidence out of air into glaſs is to the fine of refra&tion, 
and F will be the focus of this peneil after paſſing through 

the firſt ſurface of the lens V. From the point F draw the 
angle CFe, the incident pencil on the ſecond furface of this 
lens, continue the lines FC and Fe to b and r reſpectively, and 
| dra: the perpendiculars Ol and OK on the point C, deſcribe the 
are nd, and making cd to ab, as the fine of refraction out of 
glaſs into air is to the ſine of incidence, draw cd continued tif 
it cuts the axis in P. Ih like manner, on a center e deſcribe 
the are mg, and making yg to or as the fine of the angle of re- 
fraction is to that of incidence, draw the line egQ; continue it 
and the line Cd backward till they meet each other in h, and it 
will be the focus of the emergent pencil from the ſecond ſur- 
face of the lens V. On the axis CF ſet off the diſtance Cds 
equal to Ch, and draw es and Cr. Now it is evident from the 
figure, that the focus of the emergent pencil will be nearer to 
C than the object itſelf, in the * the angle Ce 
exceeds the angle CAe. 

Thus, from the great angle of incidenee of the oblique pen- 
eil on the ſecond ſurface of the lens, the focus of the emergent. 
pencil is brought nearer to P the ſecond eye-glaſs, while that 
of the principal pencil remains the ſame, or very nearly ſo; 
and the image will become more diſtinct towards the edge of 
the field the nearer Ph and PF approach to equality. . 
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To give a proper demonſtration and theorem for the exact 
form of the firſt lens, according to its diſtance from the image, 
would require more leiſure than is conſiſtent with the ſitua - 
tion of one not very converſant with mathematics. That 
diſtance, in proportien to the focal length of the lens, fo that 
any unavoidable defect in it may become inviſible, muſt be 
determined by experiment. If any variation be made in the 
form of this lens, it will be better to make the plane ſide rather 
a little convex than concave. By the latter the image would be 
diſtorted by the too great obliquity of the rays near the extre- 
mity of the lens. 

Thus we have a ſyſtem of eye-glaſſes which may be taken 
put of the teleſcope, in order- to wipe them at pleaſure. Or 
the magnifying power of the teleſcope may be varied without 
affecting the line of collimation, or in any manner altering the 
adjuſtment of the inſtrument to which ſuch teleſcopes may be 
applied with many other advantages. In the preſent im- 
proved ſtate of teleſcopes too, the diſagreeable appearance of the 
wires from the great power of the eye-glaſſes is in a great de- 
gree remedied, The ſame principle may be uſefully employed 
in many other caſes. What is herein contained is only to be 
conſidered as an explanation of this very uſeful conſtruction, 
and which is given in hopes that ſome perſon of more abilities in 
the ſcience of optics will favour us with a general theorem, in 
order that its application may be more univerſal. 
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VI. Account of ſeveral Lunar Iris. By Marmaduke | Tunſtall, 
Eſq. F. R. S. in Teo Leiters to Sir Joſeph Denks,. Bark. 
P. R. S 


| Read May 30, 1782, and January 23, 1787 


TO SIR JoskrEH BNAxKs, BAR x. P. k. 8. 


DEAR” 818,. 80 


8 Lam ever happy te ae on any opportunity to — 
my regard to yourſelf, and my attention to the Royal 
Society, I cannot omit this occaſion of acquainting you of 
rather an unuſual phenomenon ſeen here on Friday night laſt,. 

the 27th of February, between ſeven and eight, eſpecially as 
it might probably be vifible only at a ſmall diſtance. It was 
an Iris lunaris, or Lunar rambow,, in tolerable diſtin& colours, 
ſimilar to a ſolar one, but more faint ; the orange colour 
ſeemed to predominate. I was unfortunately not a ſpectator 
myſelf; dut can ſufficiently rely on the authority, as a clergy- 
man in my houſe, and ſome ſervants, on whom I can depend, 
obſerved it for near a quarter of an hour. It happened at full 
moon, at which time alone they are ſaid to have been always 
ſeen, Though ARISTOTLE is ſaid to have obſerved two, and 
ſome others have been ſeen by $VELL1Us, &c. J can only find 
two deſcribed with any accuracy; v2. one by PLOT, in his 
Hiſtory of Oxfordſhire, ſeen by him in 1675, though without 
colours; the other ſeen by a Derbythire gentleman at Glapwell 
1 s near 


oy * — 
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near Cheſterfield, deſeribed by THORESBY,, and inſerted in Ne 
331. of the Philoſophical Tranſactions: this was about Chriſt- 
mas, 1710, and ſaid to have had all the colours of the Iris 

' folaris. The night was windy, and though there was then a. 
drizzhng rain and dark cloud; in which the rainbow was re- 
flected: it proved afterwards a light froſt. That this very 
imperfeCt account, though it may be ſtrictly relied on, may 
give any ſatis faction to you, or the gentlemen of. the Society,... 
would be the occaſion of great pleaſure to 


DEAR SIR, your.much obliged, a. 


Wylie near Greta Bridge, Yorkſhire, 
March , 1782. 


The particular ciroumſtance, which appeared extraordinary” 
to THORESBY,, of the bow being nearly equal in fize to that of 
f the ſolar one, ſeemed to be verified by this, as the extent ap- 
pe peared nearly. of. the fame dimenſions. - The wind. was at 
"WH fouth-weſt.. 


DE AR 81 Rz | Wycliffe, Oct. 237 1782. 


I TROUBLED you early in ſpring with an account of a 
rather ſingular phenomenon, ſeen here on the 27th of Fe- 
bruary, between ſeven and eight o'clock, viz. a lunar Iris with 
priſmatic colours. Since that I have ſeen two more here; one 
July the zoth, about eleven o'clock, which laſted about a 


quarter of an hour, without colours; the laſt, the cauſe of 
my 
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. 
8 
t 

1 
I 


Mr. TUNT ALL” s . of foveral Lunar Tris. 


ö 5 „ vou with this, was on Friday the 18th inſtant, 
perhaps the moſt extraordinary one of the kind ever ſeen, and 
of which 1 was myſelf a ſpectator for moſt of its duration, 
as. were many in my, houſe and neighbourhood. It was firſt 
viſible about nine o clock, and continued, though with very 
different degrees of brilliancy, till paſt two. At firſt, though 
a ſtrongly marked bow, it vas without colours; but afterwards 
they were very conſpicuous and vivid i in the ſame form as in the 
ſolar, though fainter ; the red, green, and purple, were moſt 
diſtinguiſhable. Abaut.tevtre | it was the moſt ſplendid i in ap- 
pearance; its arc was conſiderably a ſmaller ſegment of a circle 
than a ſolar ; its ſouth-eaſt limb firſt began to fail, and a conſi- 
derable time before its final extinction ; the wind was very 
high, nearly due weſt, moſt part of the time, accompanied 
with a drizzling rain. It i is a ſingular circumſtance, that three 
of theſe phenomena ſhould have been ſeen in ſo ſhort a time in 
one place, as they have been eſteemed ever ſince the time of 
ARISTOTLE, who is ſaid to have been the firſt obſerver of 
them, and ſaw only two in fifty years, and ſince by Lor and 
THORESBY, almoſt the only two Engliſh authors who have 
ſpoke of them, to be exceeding rare. They ſeem evidently to 
be occaſioned by a refraction in a cloud or turbid atmoſphere, 
and in general indications of ſtormy and rainy weather, ſo bad 
a ſeaſon as the late ſummer having, I believe, ſeldom occurred 
in England. THoREsBY, indeed, ſays, the one he obſerved 
vwas ſucceeded by ſeveral days of fine ſerene weather. 
One particular, rather ſingular, in the ſecond, vis. of 
July the zoth, was its being fix days after the full of 
the moon, and the laſt, though of ſo long a duration, was 
three days before the full; that of the 27th of February was 
exactly 
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exactly at the full, which uſed to be judged the only time 

they could be ſeen, though in the Encyclopedie there is an 
account that wEIDL ER obſerved one in 1719, in the firſt 
quarter of the moon, with faint colours, and in very calm 

weather. 

No lunar Iris, I ever heard or read of, laſted near ſo long as 

that on the 18th inſtant, either with of without colours. 
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vn Arcount of an e. By John Lloyd, 5. E 
Letter 10 Sir Joſeph Banks, Bart. P. R. . 


| Read January 23, 1783. 


ro STR JOSEPH BANKS, BART. P. k. 3. 


| Wickwer near St. Aſaph, 
DEAR STR, Nov. 16, 1702. 


FON Saturday the ch of October laſt, between eight 
; and nine o'clock in the evening, a ſhock of an earth- 
. was felt in ſeveral parts of this principality, by many 
perſons, though not generall y- At Mold, in the county of Flint, 
it was diſtinct ly perceived by a gentleman, at that time in a houſe 
quite out of the town, and ſeemed attended with a rumbling 
noiſe, like a carriage going over a pavement, ſo that if his ſitua- 
tion had not rendered that ſenſation impoſlible, he ſhould have 
aſcribed it to that; and at the ſame time ſome China cups 
and faucers rattled very * that were upon a table in the 
room with him. 
At the palace, at Bangor, it was bin} by all the biſhop' 8 
fanily at about thirty- nine minutes paſt eight o clock, with the 
ſame kind of rumbling, and a double vibration. Many other 
perſons in that neighbourhood were ſenſible of it. 
In many places in the iſle of Angleſey it was ſtrongly felt; 
at Bodorgan, the ſeat of owEN P. MEYRICK, eſq. it was 
thought by the family that a carriage had driven up to the 
door. In anſwer to ſome enquiries made, I received the fol- 
lowing 


| at St. Aſaph with ſome other gentlemen, looking over ſome | 


ſequence, you will pleaſe to lay it before the n _— 


| Mr. Lrorp's Account of an Ear * 


lowing account of an ingenious friend of mine, who is con- 
cerned in the great copper mine at Paris Mountain, and was at 
that time within a mile of the mine at his own houſe. | 

« I perceived the earthquake to begin at Amlwoh at 40“ paſt 
« eight o'clock at night, on Saturday the 5th of October. The 
e ſhock was great and alarming. The houſe in which I was 
« was ſhaken terribly, and underwent ſeveral vibrations for 
« the continuance of near a quarter of a minute. I thought 


| * it moved from N. E. to S. W. but was not certain. It was 
attended with a rumbling noiſe, as loud as thunder, and 
Aike it juſt before i it ceaſes. I have made an enquiry at ſeveral 


« diſtant parts in the iſland to the S.W. about it, to 1 W 
« out, if poſſible, at what rate it moved, but in vain.” T2 
At the time it was felt in the places I have mentioned, 1 was 


pariſh accounts ; but none of us perceived it, though it was 
perceived by a relation of mine, who was then alone, reading 
at the diſtance of a mile and a half from us, and in the line 
between Angleſey and Mold, ſo that I was probably further 


north than the ſhock reached. I Judge every phenomenon of 2 
this kind to be intereſting to the ſpeculative obſervers of na- 


ture. You may probably be of the ſame opinion; and if you 
are, and ſhould think this imperfect account of ſufficient con- 


1 have the honour to be, &c. 
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* Mr. Cavendifh, F. R. S. 


Read January 16, 1783. 


R. PRIESTLEY's 6 of the e os dj 
mining the degree of phlogiſtication of air by means. 
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of nitrous air, has occaſioned many inſtruments to be contrived 


for the more certain and commodious performance of this ex- 
periment; 3 but that invented by the Abbe oN ANA is by much 
the moſt accurate of any hitherto publiſhed. There are many 
| ingenious contrivances in his apparatus for obviating the ſmaller 

errors which. this experiment is liable to; but the great im- 

provement conſiſts in this, that as the tube is long and narrow, 
and the orifice of the funnel not much leſs than the bore of 
the tube, and the meaſure is made ſo as to deliver its contents 
very quick, the air riſes lo up the tube in one continued 
column; ſo that there is. time to take the tube off the funnel, 
and to ſhake it before the airs come quite in contact, by which 
means the diminution is much greater and much more certain 
than it would otherwiſe be. For inſtance, if equal meaſures 
of nitrous and common air are mixed in this manner, the bulk 
of the mixture will, in general, be about one meaſure; 
whereas, if the airs are ſuffered to remain in. contact about 
one-fourth of a minute before they are ſhaken, the bulk of 
the mixture will be hardly leſs than one meaſure and two- 

tenths, and will be very different according as it is ſuffered. to 
1. remain 


Mr. cavenpren's Account of a nem Eudiameter. 1 
vetnain a little more or a little leſs time before it is: ſhaken. In 
ke manner, if through any fault in the apparatus, the air 
riſes in bubbles, as in that caſe it is almoſt impoſſible to ſhake 
the tube ſoon 2 * diminution 1 is leſs chan It _ 
to be. | 

Another great advantage | in this manner of mixing is, tha 
thereby the mixture receives its full diminution in the ſhort 
time during which it is ſhaken, and is not ſenſibly altered in 
bulk after thatz whereas, if the airs are ſuffered to remain 
ſome time in contact before they a are ſhaken, they will n 
diminiſhing for many hours. 

The reaſon of the abovementioned differences ſeems to be, 
that in the Abbe rod r AN As method the water is ſhaken briſkly 
up and down in the tube while the airs are mixing, whereby 

each ſmall portion of the nitrous air muſt be in contact with 
pater, either at the inſtant it mixes with the common air, or 
at leaſt immediately after; and it ſhould ſeem, that when the 
ars are in contact with water during the mixing, the diminu- 
tion is much greater and more certain than when there is no 
water ready to abſorb the nitrous acid produced by the mix+ 
ture. This induced me to try whether the diminution would 
not be ſtill more certain and regular if one of the two kinds of 
air was added flowly to the other in ſmall bubbles, while the 
veſſel - containing the latter was kept continually ſhaking. 1 
was not diſappointed 1 in my expectations, as, I think, this me- 
thod is really more accurate than the Abbe poNTANA's; and, 
moreover, in the courſe of my experiments I had occaſion to 
obſerve a circumitance which is neceſſary to be attended to by 
thoſe who would examine the purity of air with exactneſs by 
any kind of — beſides tome others which tend very 
: Tx | much 


A= cavexnren's ens of 


much to axplain many of the phenomena atending the mix. 
ture of common and nitrous air. 

The apparatus I uſe is as follows. A (fin. 1.) is a cylin 
drical glaſs veſſel, with braſs caps at top and bottom; to the 
upper cap is fitted a braſs cock B; the bottom cap is open, but 
is made to fit cloſe into the braſs focket Da, and is fixed in it 
in the ſame manner as a bayonet is on a muſquet. Fhe ſocket 
Dad has a ſmall hole E in its bottom, and is faſtened to thy 
board of my tub by the bent braſs F/, in fach manner that 

b, the top of the cock, is about half an inch under water; 
conſequently if the veſſel A is placed | in its ſocket, with any 
quantity of air in it, and the cock is then opened, the air will 
run out by the cock, but will do ſo very n as it can 
eſcape no faſter than the water can enter by the {mal hole 8 
. ſupply i its place. 
heſides this veſſel, I have three glaſs bottles like M I g 
each with a flat braſs cap at bottom to make it ſtand Ready, 
anda ring at top to ſuſpend it by, and alſo ſome meaſures of 
different ſizes ſuch as B (fig. 3.) ; theſe are of glaſs with a flat 
| braſs cap at bottom and a wooden handle. In ufing them they 
are filled with the air wanted to be meaſured, and then ſet 
upon the braſs. knob. C fitted upon the board of my tub below 
the ſurface of the water, which drives out ſome of the air, 
and leaves only the proper quantity. This meaſure is eaſier 
made, and more expeditious in uſing, than the Abbé rox- 
TANA's, and, I believe, is equally accurate; but if it: was not 
it would: not fignify, as. I determine the exact quantity of a air 
uſed by weight. 

There are to different methods of proceeding which I have 
uſed ; the firſt is to add the reſpirable air ſlowly to the nitrous; 
and the other, to add the nitrous air in the ſame manner to the 
reſpirable. 
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teſpicable. The firſt is what I have . uſed, and 
which 1 ſhall firſt deſcribe. In this method a proper quantity 
of nitrous air is put into one of the bottles M, by means of 
one of the meaſures above deſcribed, and a proper quantity of 
reſpirable is let into the veſſel A, by firſt filling it with this air, 
and then ſetting it on the knob C, as was done by the mea- 
ſare. The veſſel A is then fixed in the ſocket, and the bottle. 
M placed with its mouth over the cock. Then on opening the 
cock, the air in the veſtel A runs flow Iy 1 in {mall bubbles into 
the bottle M, which is kept ſhaking all the time by moving it 
backwards and forwards horizontally while the mouth ſtill 
remains over the cock. | 

| Notwithſtanding, the precautions uſed by the Abbe FoN-- 
TANA in meaſuring the quantity of air uſed, I have ſometimes 
found that method liable to very conſiderable errors, owing to 
more water ſticking to the fides. of the meaſure and tube at 
one time than at another: for this reaſon I: determine the 
quantities of air uſed and the diminution, . by. weighing the. 
veſſels containing it under water in this manner. Erom one 
end of a balance, placed ſo as to hang over the tub of water, 
is ſuſpended a forked wire, to each end of which fork is fixed a 
fine copper wire; and in trying the experiment the veſſel A, 
with the reſpirable air in it, is firſt weighed, by ſeſpending it 
from one of theſe copper wires; in. ſuch manner as to remain. 
intirely under water. The bottle M, withsthe proper quantity 
of nitrous air in it, is then hung on in the fame manner to the 
other wire, and the weight of both together found. The air 
is then let out of the veſſel A into the bottle M, and the 
weight of both veſſels together found again, by which the 
diminution of bulk which they ſuffer on mixing is known. 
Laſtly, the bottle M is taken off, and the veſtel A weighed 


again 
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again by itſelf, which gives the quantity of reſpirable air uſe} 
It is needleſs to determine the quantity of nitrous air by 
weight; becauſe, as the quantity uſed is always ſufficient to 
produce the full diminution, a ſmall difference in the quantity 
makes no ſenſible difference in the diminution ®. In this man- 
ner of determining the quantities by weight, care ſhould be 
taken to proportion the lengths of the copper wires in fuck 
manner that the ſurface of the water in A and M fhall be on 


* Mr. bz savssvuxk alſo determines the quantity of air which he uſes by 
weight; but does it by weighing the veſſels containing it in air. This method is 
liable to ſome inaccuracy, as the air in the veſſel is apt to be compreſſed by put- 
ting in the ſtopper; though, I believe, that, if care is taken to puſh in the 
topper flowly, the error ariſing from thence is but ſmall. It is alſo leſs expedi- 
tious than weighing them under water, as ſome time is neceffarily loſt in 
wiping the wet off the veſſels; but, on the other hand, it requires leſs apparatus, 
which makes it fitter for a portable apparatus as Mr. pz savssuRt's was, If any 
gentleman is defirous of adapting this method of determining the quantities to the 
above deſcribed manner of mixing the airs, nothing more is required than to 
have glaſs ſtoppers fitted to the veſſel A and to the bottle M. 
It is needleſs to mention, that in both theſe methods no ſenfible error can ariſe 
from any -difference in the ſpecific gravity of the air; for the thing found by 
"weighing the veſſel is the difference of weight of the included air and of an equal 
bulk of water, which, as no air is leſs than 500 times lighter than water, is very 


nearly equal to the weight of a quantity af water, equal in bulk to the included 
air. 


It muſt be obſerved, that a common balance is not convenient for weighing the 
veſſels of air under water, without ſome addition to it; for the lower the veſſel 
of air finks under the water, the more the air is compreſſed, which makes the 
veſſel heavier, and thereby cauſes that end of he beam to preponderate. This 
makes it neceſſary either to have the index placed below the beam, as in many 
aſſay balances ; or by ſome other means to remove the center of gravity of the 
beam ſo much below the center of ſuſpenſion as to make the balance vibrate, not- 


withſtanding the tendency which the compreſſibility of the air in the veſſels has to 
revent it. 


the 
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the ſame level when both have the uſual quantity of air in 
them, as otherwiſe ſome errors will ariſe from the air being 
more compreſſed in one than in the other. This precaution. 


indeed does not intirely take away the error, as the level of the 
water in M is not the ſame after the airs are mixed as it was 
before; but in veſſels of the ſame ſize as mine, the error ariſing 
from thence can never amount to the 5ooth part of the whole, 
which is not worth regarding; and indeed if it were much 
greater, it would be of very little conſequence, as it would be 
always the ſame in trying the ſame kind of air. 
There are ſeveral contrivances which I uſe, in order to dimi- 
niſh the trouble of weighing the veſſels ; but I omit them, _ 
the deſcription would take up too much room. 
The veſſel A holds 282 grains of water, and 1s the quantity 
which I ſhall diſtinguiſh by the name of one meaſure. I have 
three bottles for mixing the airs- in, with a meaſure B for the 
nitrous air adapted to each. The firſt bottle holds three mea- 
ſures, and the correſponding meaſure 14; the ſecond bottle 
holds fix, and the correſponding meaſure 24 ; and the third 
bottle holds 12, and the correſponding meaſure 5. The firſt 
bottle and meaſure is uſed in trying common air, or air not 
better than that; the two other in trying dephlogiſticated air. 
The quantity of reſpirable air uſed, as was ſaid before, is 
always the ſame, namely, one meaſure; conſequently, in 
trying common air I uſe 11 meaſures of nitrous air to one of 
common; and in trying very pure dephlogiſticated air I uſe five 
meaſures of nitrous air to one of the dephlogiſticated. 1 be- 
lieve there is poair ſo much dephlogiſticated as to require a 
greater proportion of nitrous than that. The way by which I 
judge whether the quantity of nitrous air uſed is ſufficient, is - 
by the bulk of the two airs when mixed; for if that is not 
leſa - 
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leſs than one meaſure, that is, than the reſpitable air d it 
is a ſign that the quantity of nitrous air 1s ſufficient, or that it 
is · ſufficient to —— the full diminution, 1 it is very 
impure. 

Though the quantity of reſpirable air uſed will be always 
nearly the ſame, as being put in by. meafure; yet it will com- 
monly be not exactly fo, for which reaſon the obſerved dimi- 
nution will commonly require ſome correction: for example, 
ſuppoſe that the obſerved diminution was 2.353 meaſures, and 
that the quantity of reſpirable air was found to be 935 of a 
meaſure; then the obſerved diminution muſt be increaſed by 
+53 of the whole or .035, in order to have the true dimi- 
nution, or that which would have been produced if the reſpi- 
rable air uſed had been exactly one meaſure; nn the 
true diminution is 2. 388. » 

The method of W n g. Ae in p. 109. 15 that which I 
uſe in trying air much different in purity from common air; 
but in trying common air, I uſe a ſhorter method, namely, I 
do not weigh the veſſel A at all, but only weigh the bottle M 
with the nitrous air in it; then mix the airs, and again weigh 
the ſame bottle with the mixture in it, and find the increaſe of 
weight. This, added to one meaſure, i is very nearly the true 
diminution, whether the quantity of common air uſed was a 
little more or a little leſs than one meaſure. The reaſon of 
this is, that as the diminution produced on mixing common 
and nitrous air is only a little greater than the bulk of the com- 
mon air, the bulk of the mixture will be very nearly the ſame, 
whether the bulk of the common air is a little greater or a little 
leſs than one meaſure : for example, let us firſt ſuppoſe, that 
the quantity of common air uſed is exactly one meaſure, and 
that the diminution of bulk on mixing is 1.08 of a meaſure, 
then 


2 
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hen — the —_— of weight of the bottle M. on adding 
the common air, be: o8 of a, meaſure. Let us now ſuppoſe, 
that the quantity of common air uſed is 1 .02 of a meaſure, 


then will the diminution, on adding the common air, be 


1.08 RX 2 4 or 1.1016 of a meaſure, and conſequently the in- 


| creaſe of weight of the bottle M will be 1.1016 1.02 or 
0816 of a meaſure, which is very nearly the fame as if the 
common air uſed had been exactly one meaſure. PH 
In the ſecond method of proceeding, or that in which the 
nitrous air is added to the reſpirable, I uſe always the ſame 
bottle, namely, that which holds three meaſures, and uſe al- 
ways one meaſure of reſpirable air; and in trying common 
air uſe the ſame veſſel A as in the firſt method ; but for de« 
phlogiſticated alr I uſe one that holds 35 meaſures. 
= trying the experiment I firſt weigh the bottle M without | 
any air in it, and then weigh it again with the reſpirable air 
in it, which gives the quantity of reſpirable air uſed. I next 
put the nitrous air into the veſſel A, and weigh that and the 
bottle M together, and then having mixed the airs, weigh them : 
again, which gives the diminution. | 
From what has been juſt ſaid, it appears, that in ; this me- 
thod of proceeding I uſe a leſs quantity of nitrous air in trying 
the ſame kind of reſpirable air than in the former; the reaſon 
of which is, that the ſame quantity of nitrous air goes further 
in phlogiſticating a given quantity of reſpirable air in this than 
in the former method, as will be ſhewn further on. 

In both theſe methods I expreſs the teſt of the air by the 
diminution which they ſuffer in mixing ; for example, if the 
diminution on mixing them is two meaſures and — ealt- 


its teſt 2.353, and ſo on. 
Vor. LXXII —_ In 


"hy the firſt Auth of ER 1 — the dimins. 
fion was ſcarce fenfibly | lefs when F uſed one meafure of nitrous 
air than when 1 uſed a much greater quantity fo that one 
meaſure is ſufficient to produce the full diminution. Fchuſe; 
however, to uſe 11, for fear the nitrous air may be impure; 
7ths of a meaſure of nitrous air produced about 33s and Iths 
of a meaſure about 3 ths of the full diminution. 

1 found allo, that there was no fenfible difference in the 
diminution whether the orifice by which the air paſſed out of 
the veſſel A into the bottle M was only th of an inch in 
diameter, or whether it was th of an inch; ; that is, whether 
the air eſcaped in ſmaller or larger bubbles. The diminution 
was rather leſs when the bottle was ſhook gently than when 
_ briſkly; but the difference between ſhaking it very gently and 
a briſkly as I could was not more than redth of a meaſure. 
But if it was not ſhaken at all the diminution was remarkably 
leſs, being at firſt· only 9; in about 3“, indeed, it increaſed to 
93, and after being ſhaken for about a minute it increaſed to 
99; whereas, when the bottle was ſhaken gently, the dimi- 
nution was 1,08 at firſt mixing, and did not increaſe ſenfibly 
after that time. The difference proceeding from the difference 
of time which the air took up in pafling into the bottle way 
rather greater; namely, in ſome trials, when it took up 80 
in paſſing, the diminution was edths greater than when it 
took up only 22”, and about ,*,dths greater than when it took 
up 45“; in ſome other trials, however, the difference was leſs. 
It appears, therefore, that the difference ariſing from the dif- 
_ ference of time which the air takes up in paſſing into the bottle 
is confiderable ; but, as with the ſame hole in the plate Dd it 
will take up always nearly the ſame time, and as it is eafy ad- 


juſting the ſize of the hole, ſo as to make it take up nearly the 
time 
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time we dete, 4 error proceeding from . is but ſmall. 
The time which it took up in paſſing 3 in my experiments un 
uſually about 5o''+ 

The difference — From the diffetencs of fize of 
the bottle,. and the nature of the water made uſe of is greater; 
for when I uſe the ſmall bottle which holds three meaſures, 
and fill it with diſtilled water, the uſual diminution in trying 
common air is 1.08 ; whereas, if I fill the bottle with water from 
my tub, the diminution 1 is uſually: about .os leſs. If I uſe the 
bottle which holds twelve meaſures, filled with diſtilled water, 
the diminution is about 1.1 5; and if I uſe the fame bottle, 
filled with water from my tub, about 1.08, 
The reaſon of this difference is, that water has a power of 
abſorbing a ſmall quantity of nitrous air; and the more de- 
phlogiſticated the water is, the more of this- air it can abſorb. 
If the water is of ſuch a nature alſo as to froth or form bub- 
bles on letting 1 in the common air, the diminution 3 18 remarkably 
leſs thari in other water. 1 

The following table contains the diminution mu in 
trying common air in the bottle containing three meaſures, with 
ſeveral different kinds of water, and alſo the diminution which 
the ſame quantity of nitrous air ſuffered by being only ſhook 
in the ſame bottle, without the addition of any common air, 
tried by ſtopping the mouth of the bottle with my finger, and 


ſhakin g it briſkly for one minute, and afterwards for one minute 
more. 
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Diminution iminution on LR = Ip 8 PP 
+4 Þr: oe. cry ares aArSsy$. 45 oe. ci 
"1 in | 4 1 1 irn £54 F 4.8; 1 
common air, | one minute |: 
5 dof 18 a iſtilled water. 
1.049 08 3 Water from tub. 


ump water. 
I Diſtilled water, i in which a fo drops of lire: 
"FL of fulphur were kept for a few days. | 
Diſtilled water impregnated with nitrous. air, 
by keeping it with about ; of its bulk of ni- 
trous air for two days, and frequently xn, 
RR OTST 
oy BW 8 | ; Water fouled b oak ſhavings. K. B. it 


| 1.036 
5.062 


| 90 


5. 04 5 052 | 1 56 þ 


897 


In general, the diminution was nearly as great with rain 
water as diſtilled water ; but ſometimes I have found rain 
water froth a good deal, and then the diminution was not 
much greater than by the water fouled with oak ſhavings. -— 

This difference in the diminution, according to the nature of 
the water, is a very great inconvenience, and ſeems to be the 
chief cauſe of uncertainty in trying the purity of air; but it IS 
by no means peculiar to this method, as I have found as great 
a difference in FONTANA'S method, according as I have filled 
the tube with different waters . But it ſhews plainly, how 

little all the experiments which have hitherto been made for 
determining the variations in the purity of the atmofphere can 
be relied on, as I do not know that any one before has been 
attentive to the nature of the water he has uſed, and the dif- 
ference proceeding from the difference of waters is much greater 
than any I have yet found in the purity of air. 


* 1 do not find that it makes much difference in FONTANA's method whether 
the water is diſpoſed to froth or not; but the advantage which it has in that 
reſpe& over this method is not of much conſequence, as it is eaſy, finding water 
which will not froth, 

The 
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| The beſt. 1 way 1 1 — of obviating this ! inconvenience: is to 
= careful always to uſe the fame kind of water : that which 1 
always uſe is diſtilled, as being moſt certain to be always alike. 
I ſhould have uſed rain water, as being eaſier procured, i if it had 
not been that this water is ſometimes apt to froth, which 1 have 
never known diſtilled water do. 

As 1 found that the power with which the diftilted v water I 
uſed abſorbed nitrous air was greater at ſome times than others, 
which muſt neceſſarily make an error in the obſervation, I was 
in hopes that, by obſerving the quantity of nitrous air which 
the water abſorbed in the ſame manner as in the preceding ex- 
periment, together with the heat of the water, as that alſo 
ſeems to affect the experiment, one might be able to correct 
the obſerved teſt, and thereby obviate the error which would 
otherwiſe ariſe from any little difference in the nature of the 
water employed. With this view I made the following _ 
riment. 
1 purged ſome diſtilled water of its air by boiling, and kept 
one part of it for a week in a bottle along with ſome: dephlo- 
giſticated air, and fhook it frequently ; the other part was 
treated in the fame manner with phlogiſticated air. At the 
end of this time I found, by a mean of three different trials, 
that the teſt of common air tried with the firſt of theſe waters 
was 1.139, the diminution which nitrous air fuffered by being 
ſhook 2/ in it in the uſual manner was. 28 5. The teſt of the 
fame air tried with the laſt of theſe waters was only 1.954, and 
the diminution of nitrous air only .ogo, the heat of the water 
in the tub and of the diſtifled waters being 45% I then raiſed 
both the water of the tub and the diftilled waters to the heat 
of 67, and found that the teſt of the ſame air, tried by the 


firſt water, was then 1.100, and by the latter 1.044 ; and that 
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Ag by the latter. 


the following table. 


of nitrous 
—_ 1 


Former water | 


1 Diminution ? Obſerved a] | 


teſt. 


1.19 
1.100 


11.054 
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Lat ter water 196 


of its heat. 


— — — — —— 
- * j—ꝝã? UdK —— y — 


1.044 


„9 


Mr. cavekprar s Aerdhnt of 
& Aiminution of nitrous air was . 2 3 5 by the fcſt water, and 


It ſhauld ſeem from hence, as if the obſerved teſt ouglit to 
be cotrected by ſubtracting ths of the diminution which ni- 
trous air ſuffers by being ſhaken in the water, and adding . 002 
for every 35 of heat above o, as the foregoing trials will agree 
very well together, if they are corrected by this rule, and bet- 
ter than if corrected by any different rule, as will appear by 


Correction for 
| Di uin in u- | 
tion. 


{ Corrected 
Heat. | 
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36 1.045 


Though in all Sande this correction will diminiſh the 
error proceeding from a difference in the nature of the diſtilled 
water employed, yet I have reaſon to think, that it will by no 
means entirely take it away; for which reaſon I do not in ge- 
neral make uſe of it. In almoſt all the trials, indeed, in 
which I have applied the correction, it has come out very nearly 
the ſame ; which ſeems to ſhew, that there was no other dif- 
ference in the -abſorbing power of the diſtilled water I em- 
uf ployed, than' what proceeded from its difference of heat. The 
Ul | | above experiment, however, ſhews plainly, that diſtilled water 
i is capable of a very great difference in this reſpect independent 


In the ſecond method of proceeding, or that in which the 
nitrous air is added to the reſpirable, I fouud nearly the ſame 
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1.051 
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the ſame difference, or perhaps rather leſs, according to the 
nature of the water employed, only it ſeemed ts be of not 
much conſequence whether the water frothed or not; but there 
ſeemed to be much leſs difference in the diminution, aceording 


— of nitrous air, when diſtilled water was employed, 


Common air.) Nitrous air. Diminution. 


I. | > þ 
F 


common air is added to the nitrous; as in that method it was 
before faid, that the uſual diminution was 1.08. The reaſon 


by the water in that ſtate, and beſides that, the common air is 
phlogiſticated, and thereby diminiſhed : ſo that the whole dimi- 
nution on mixing is equal to the bulk of nitrous air, w which 1s 
turned into acid, added to the diminution which the common 
air ſuffers by being Phlogiſticated. Now it appears, that when 


a [mall quantity of nitrous air comes in contact with a large 
5 quantity 


difference in the 2 accotding as the bottle was ſhaken 
briſkly or gently, as in the former method: I found alſo nearly 


n 


to the time which the air took up in paſſing into the bottle; 
The uſual diminution on trying common air with different 
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It appears, therefore, that *.ths of a meaſure of nitrous is 
ſufficient to produce very nearly the full diminution. I chuſe, 


however, always to uſe one meaſure. It appears alſo, that the 
diminution is always much leſs f in this method than when the | 


of this is, that when nitrous and common air are mixed toge- 
ther, the nitrous air is robbed of part of its phlogiſton, and is 
thereby turned into phlogiſticated nitrous acid, and is abſorbed 


ö 
; 
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quantity of common air, it is more completely deprived of its 
a Phlogiſton, and is abſorbed by the water in a more dephlogiſti- 
_ cated ſtate than when a ſmall quantity of common air comes in 
contact with a large quantity of nitrous ; conſequently, in the 
ſecond method, where ſmall portions of nitrous air come in 
contact with a large quantity of common air, the nitrous air 
is more deprived of its phlogiſton, and therefore a leſs quantity 
of it is required to phlogiſticate the common air than in the 
firſt. method, where ſmall portions of common air come in con- 
tact with a large quantity of nitrous air; ſo that a leſs quan- 
tity of the nitrous air 1s abſorbed in the ſecond method than in 
the firſt. As to.the common air, as it is completely phlogiſti- 
cated in both methods, it moſt likely ſuffers an ay diminu- 
tion in both. = 
A clear proof that a leſs quantity of nitrous 1s required to 
phlogiſticate a given quantity of common air in the ſecond 
method than in the firſt, 1s, that if common air is mixed with 
A quantity of nitrous air not ſufficient to completely phlogiſti- 
cate it, the mixture will be more phlogiſticated | if the nitrous 
air is added. lowly to the common, as in the ſecond method, 
than if the common air is added to the nitrous; and if the ni- 
trous air is added ſlowly t to the common, without being in con- 
tact with water, the mixture will be found to be ſtill more 
Phlogiſticated than in the ſecond method, where che two airs 
are in contact with water at the time of mixing. | 
The following table contains the refult of the experiments 1 
have made on this ſubject. 


Firſt 


. 
- 
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e Nitrous air added ſlowly 
Firſt method, 


Second method. to common without being 
| | in contact with water. 
Nitrous |Bulk of | Nitrous —＋ P 
. 3 e 
716 866 636 Bag. 137 
474 | 2 | . 43D. | 807 35² 1 294 836 | 337 
| EMA 280 -930 599 1 f 


The two-firſt ſets of experiments were not tried with the 
apparatus above deſcribed, as that held too ſmall a quantity, 
but with another upon the ſame principle. The laſt ſet was 
tried by the apparatus repreſented ; in fig. 4. where A is a bottle 
containing nitrous air, inverted into the tub of water ' 4% 27 
is a bottle with a bent glaſs tube C fitted to its mouth. This 
bottle is filled with common air, without any water, and is 
firſt ſlightly warmed by the hand; the end of the glaſs tube is 
then put into the bottle of nitrous air, as in the figure; ; conſe- 
quently, as the bottle B cools, a little nitrous air runs into it, 
which, by the common air in it, is deprived of its elaſticity, 
ſo that more nitrous air runs in to ſupply its place. By this 
means the nitrous air is added ſlowly to the common without 
coming in contact with water, till the whole of the nitrous air 
has run out of the bottle A into B; then, indced, the water 
runs through the glaſs tube into B, to ſupply the vacancy formed 1 
by the diminution of the common air. | 

It appears from the foregoing table, that a quantity of ni- 
trous air, uſed in the firſt method, does not phlogiſticate com- 
mon air more than three-fourths of that quantity uſed in the 
| ſecond way does, and not ſo much as half that quantity uſed 
in the third way : ſo that we may lately conclude, that it is 
this circumſtance of the nitrous air going further in phlogiſti- 
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cating - common air in ſome circumſtances than others, which 
is the cauſe that the diminution in trying the purity of air by 
the nitrous teſt is ſo much greater in ſome methods of mixing 
them than in others. 
From what was ſaid in p. 119. it ſhould ſeem as if the ſe- 
cond method was more exact than the firſt, as the error pro- 
ceeding from the air employing more or leſs time in paſſing 
into the bottle was found to be leſs, and that proceeding froma 
difference in the water, and from the bottle being fhaken more 
or leſs ſtrongly was not greater. T, however, have found, that 
dhe trials of the ſame air on the fame day have commonty dif- 
' ered more when made in this manner than in the firſt; for 
Which reaſon, and becauſe in trying common air the firſt me- 
| thod takes up the leaſt time, I have commonly ufed that. 
It ſhould be obſerved, that in trying dephlogiſticated air by 
The firſt method it is convenient to ufe different bottles, accord- 
ing to the different purity of the air; and the ſame air will 
appear purer, if tried by a larger bottle than by a ſmaller. For 
example, if its teſt, tried by the large bottle, comes out 2.54, 
it will appear not more than 2.44, if tried by the middle bot- 
Ye ; and, in like manner, if its teſt by the middle bottle comes 
but 1.11, it will appear to be about 1.c8, if tried by the leaſt 
bottle ; for this reafon it is right always to ſet down which 
bottle it-is tried by. 

I think I may confidently aſſert, that either of the above 
methods are conſiderably more accurate than yonTaxa's, ſup- 
poſing the experiment to be made exactly in his manner, that | 
is, determining the quantities by meaſure. But, in order to | 
judge which method of mixing the airs is moſt exact, it was ne- 
ceffary to determine the quantities in his method alſo by weight, 
as otherwiſe it would be uncertam whether my method of 

mixing 
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mixing the airs is really better than his, or whether the appa- 
rent greater exactneſs proceeds only from the ſuperiority of 
weighing above meaſuring : for this reaſon I made ſome expe- 
riments in which common and nitrous air were mixed in his 
manner, except that I uſed only one meaſure of each, as Dr. 
INGEN-Housz did, and that the nitrous air was put up firſt, 
the true diminution being determined by weight, by firſt weigh- 
ing the tube under water with the nitrous air in it, and 
then adding the common air, and weighing the tube again 
under water. It was unneceeſſary, for the reaſons given in 
p. 110. and 112. to determine the quantity of either the ni- 
trous or common air by weight. My reaſon for this variation 
| was, that it afforded a much eaſier method of determining the 

quantities by weight, was leſs trouble, and, I believe, muſt be 
at leaſt as exact: for I have always found, that the experiments 
made with the Abbe. FonTANA's apparatus, in which I uſed 


one ata time; and11 imagine it can be of no ſignification whe- 
ther the nitrous or common air is put in firſt, as I cannot per- 
ceive the diminution ta be ſengbly greater in one of thoſo Ways 
than the other * 


* It is not extraordinary, that in this method the diminution is juſt the ſame 


it is very different ; fince in this method the two airs mix in the ſame manger 
whichever is put vp firſt: whereas in mine, the manner ia which they mix 
is very different in thoſe two caſes; ay in one, ſmall portions of common air 
come in contaR with large portions of the nitrous; and in the other, ſmall por- 
tions of nitrous air come in contact with large portions of common air. 


only one meaſure of each air, agreed better together than thoſe 
in which I uſed two of common, and added the nitrous air by 


whether the common or nitrous air is put up firſt, notwithſtanding that in mine 
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From the reſult of theſe experiments ] am perſuaded, that 
my. method of mixing the airs is really rather more accurate: 
than FONTANA'S; as in trying the ſame bottle of air fix or 
ſeven times in my miethod the different trials would not often: 
differ more than 2 dth part, and very ſeldom more than 
zdth; whereas in his there would commonly be a difference 
of ;3;4th, and frequently near twice that quantity, though 1 
endeavoured to be as regular as I could in my manner of trying 
the experiment. My method alſo — * * dex- 
terity in the operator than his. 32 129 

It is of much! importance towards aeg a right judgement 
of the degree of accuracy to be expected in the nitrous teſt, to 
know how much it is affected by a difference in the nitrous air 
employed · Novi it muſt be obſerved, that nitrous air may 
differ in two reſpects ; ; firſt, it may vary in purity, that is, 
in being more or leſs! mixed with phlogiſticated or other air: 
and, ſecondly, it is poſſi ible, that out of two parcels equally 
pure one may contain more phlogiſton than the other. If it 
differs in the ſecond reſpect, it will evidently cauſe an error in 
the teſt, in whatever proportion it is mixed with the reſpirable 

air; but if it differs only in the firſt reſpect, it will hardly 

cauſe any ſenſible error, unleſs it is more than uſually i impure, 
provided care is taken to uſe ſuch a quantity as is ſufficient to 
produce the full diminution. This has been obſerved by the 
Abbé ron rANA, and agrees with my own experiments; for 
the teſt of common air tried in my uſual method, with ſome 
nitrous air which had been debaſed by the mixture of common 
air, came out only 18 thouſandths leſs than when tried with 
air of the beſt quality, though this air was ſo much debaſed 
that the diminution, on mixing two parts of this with five of 

common, was one-fixth part Jeſs than when good nitrous air 
was 
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is uſed in the full quantity than in a ſmaller proportion; and 


One does not eaſily ſee, indeed, why it ſhould cauſe any error; 


that if the nitrous air is mixed with fixed air, it wills 
that the nitrous air ſhould not be much mixed with this ſub- 
which it is received contains much calcareous earth ſuſpended 


ſeparate. ſome fixed air. 


with each, when the difference between the teſts tried with the 
three firſt kinds of air was not greater than might proceed 


from iron were „Iss ths greater than the reſt. I then took 
the teſt of ſome more common air with them in the ſame man- 
ner, only uſing four parts of common to one of nitrous air, 

15 when 


was employed; which ſhews, that the error proceeding from 
the difference of purity of the nitrous air is much leſs when it 


alſo ſhews, that if it is uſed in the full quantity it can hardly 
cauſe any ſenſible error, unleſs it is more impure than uſual. 


for no reaſon appears why the mixture of phlogiſticated or 
other air, not abſorbable by water, and not affected by reſpi- 
rable air, ſhould prevent the nitrous air from diminiſhing and 


being diminiſhed by the reſpirable air in juſt the ſame, manner 
that it would otherwiſe be. It muſt be obſerved, 2 


error, as part of the fixed air will be abſorbed by the water 
while the teſt is trying; for which reaſon care ſhould be taken | 


ſtance, which it will hardly be, unleſs either the metal it is 
procured from i is covered with ruſt; or unleſs the water in 


by fixed air, as in that caſe, if any of the nitrous acid comes 
over with the air, it will diſſolve the calcareous earth, and 


In order to ſee whether it is poſſible for nitrous air to differ 
in the ſecond reſpect, I procured ſome from quickſilver, cop- 
per, braſs, and iron, and obſerved the teſt of the ſame parcel 
of common air with them, on the ſame day, making four trials 


from the. error of the experiment ; but thoſe tried with the air 
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when the teſts tried with the air from iron came out ſmaller 
than the reſt by not leſs than .22.%,ths. It ſhould ſoem, there- 
fore, from theſe experiments, that the nitrous air procured 
from iron, beſides being much more impure than the others, 
differs from them alſo in the ſecond reſpect ; that is, that the 
pure nitrous air in it contains rather leſs phlogiſton than that 
in the others: whence it happens, that a greater quantity is 
neceſſary to phlogiſticate a given portion of common air, and 
conſequently that the diminution is greater when a ſufficient 
quantity of it is uſed, though with a leſs Proportion the dimi- 
nution is much leſs than with other nitrous air, on account of 
its greater impurity. As for the air procured from the three 
other ſubſtances, I cannot be ſure that there is any difference 
between them. The nitrous air I always uſe is made from 
copper, as it is procured with leſs trouble than from quick- 
| filver, and I have no reaſon to think it more 2 to in 
its quality. 
During the laſt half of the year _— 1 wind the air of 
near 60 different days, in order to find whether it was ſenſibly 
more phlogiſticated at one time than another; but found no 
difference that I could be ſure of, though the wind and wea- 
ther on thoſe days were very various; ſome of them being 
very fair and clear, others very wet, and others very foggy. 
My way was to fill bottles with glaſs ſtoppers every now and 
then with air from without doors, and preſerve them ſtopped 
and inverted into water, till I had got feven or eight, and then 
take their teſt ; and whenever I obſerved their teſt, 1 filled two 
bottles, one of which was tried that day, and the other was kept 
till the next time of trying, in order to ſee haw nearly the teſt of 
the ſame air, tried on different days, would agree. The expe 
riment was always made with diſtilled water, and care was 
7 always 
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always taken to obſerve the 3 which nitrous air ſuf- 
fered by being ſhaken in the water, as mentioned in p. 115. 
The heat of the water in the tub alſo was commonly ſet down. 
Moſt of the bottles were tried only in the firſt method; but 
ſome of them were alſo tried by the ſecond, and by the method 
juſt deſcribed in the manner of FONTANA. 

The refult was, that the teſt of the different bottles tried on 
the fame day never differed more than .o1 3, and in general not 
more than half that quantity. The teſt, indeed, of thoſe 
tried on different days differed rather more; for taking a mean 
between the teſts of the bottles tried on the ſame day, there 
were two of thoſe means which differed . oz from each other; 1 
but, except thoſe two, there wer none which differed more [|] 
than . 013. Though this difference is but ſmall, yet as each of ; 
theſe means is the mean of ſeven or eight trials, it is greater 

than can be * to proceed from the uſual errors of the 
experiment. This difference alſo is not much diminiſhed by 
: correcting the obſervations on account of the heat and abſorb- 
ing power of the water, according tothe rule in p. 118. This 
might incline one to think, that the parcels of air examined 
on ſome of thoſe days of wal were really more m 

cated than the reſt; but yet, I believe, that they were not: 
for whenever there was any conſiderable difference betweer. the 
means of tuo ſucceſſive days of trial, there was nearly the 
ſame difference between the teſts of the two bottles of the 
very ſame air tried on thoſe two days. For example, the 
mean of the trials on July 7. was .016 leſs than that of thoſe 
on the 1 5th of the ſame month; but then the teſt of the air 
caught and tried on the 7th was equally leſs than that of the 
air of the ſame day tried on the 15th; which ſhews, that this 
difference between the means of thoſe two days was not owing 
to 
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to tlie paroels of à air tried vn he former 33 — more 
_ dephlepiſticared than thoſe tried on the vlatter; but only to 
ſomeè unpercetved differcnce in the manner of trying the expe: 
riment; or Uſe to me unknown difference in the nature of 
the water or flitrous - atri employed.” A circumſtance which 
ſeems to ſiet / that it was owing; to the firſt of theſe two cauſes | 
is, that it frequently happened; that on thoſe days in which 
the teſts taken in the firſt method eame out greater than uſual, 
thoſe taken in oN T ANA's manner, or in the ſecond method, 
did not do ſo; the trials, however, made in theſe two methods 
were too few to determine any thing with certainty. On the 
whole there is gteat reaſon to think, that the air was in reality 
not ſenſibly more — on 0 one of the m_ _ 

on which I tried it-than the reſt. i nn 4 
. higheſt teſt 14 ever ; obſerved was 1-109, the loweſt 1.068 

the mean 1.062. £9 Tart e nth 

1 would by all means vas it to 4 with defire to 
compare the air of different places and ſeaſons, to fill bottles 
with the air of ' thoſe places, and to try them at the ſame time 
and place, rather than to try them at the time they were filled, 
as all the errors to which this experiment is liable, as well 

thoſe which proceed from ſmall differences in the manner of 
trying the experiment, as thoſe which proceed from a difference 

in the nature of the water and nitrous air, will commonly be 
much leſs when the different parcels of air are tried at the 
ſame time and place than at different ones; provided only, that 
air can be kept in this manner a ſufficient time without being 
injured, which I believe it may, if the bottles are pretty large; 
and care is taken that they, as well as the water uſed in filling 
them with air, are perfectly clean. I have tried air kept in the 
abovementioned manner for upwards of three-quarters of a 
year 
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year in bottles holding about a pint, which I have no reaſan to 
think was at all injured; but then I have tried ſome kept not 


more than one-third part of that time which ſeemed to have 


been a little impaired, though I do not know what it could be 
owiug to, unleſs it was that the bottles were ſmaller, namely, 


holding leſs than one-fourth of a pint, and that in all of them, 


except two, which were ſmaller than the reſt, the ſtopper which, 


however, fitted in ny tight, was tied down by a piece of | 


bladder. 


I made ſome. experiments alſo to try whether the air was ſen- 


fibly more dephlogiſticated at one time of the day than another, 


but could not find any difference. I alſo made ſeveral trials with 
2y1ew to examine whether ther e Was any difference between the 


air of London and the country, by filling bottles with air on the 


ſame day, and nearly at the fame hour, at Marlborough - ſtreet 


and at Kenſington. The reſult was, that ſometimes the air of 


London appeared rather the pureſt, and ſometimes that of Ken- 
ſington; but the difference was never more than might pro- 
ceed from the error of the experiment; and by taking a mean 
of all, there did not appear to be any difference between them. 
The number of days compared was 20, and a great part of them 
taken in winter, when there are a greater number of fires, and on 
days when there was very little wind to blow away. the ſmoke. 


9-—_ — 
-- 


It 1s very much to be wiſhed, that thoſe gentlemen who 


make experiments on factitious airs, and have occaſion to aſcer- 
tain their purity by the nitrous teſt, would reduce their obſer- 
vations to one common ſcale, as the different inſtruments em- 
ployed for that purpoſe differ ſo much, that at preſent it is 
almoſt impoſſible to compare the obſervations of one perſon 
with thoſe of another. 'This may be done, as there ſeems to 


be ſo very little difference in the purity of common air at dif- 
VoL. LXXIII. 8 ferent 
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ferent times and places, by affumin common air r and | erfefly 
Phlogiſticated 3 air as fixed — 5 hus, if the teſt ip any air 
is found to be the ſame as that of a mixture of equal parts of 
cotnmon and  phlogiſticated air, I would fay, that it was half 
As. good | as common air; or, for ſhortneſs," I would” fay, that its. 


ſtandard was : and, in general, if its teſt was the ſame as that 
of a mixture of one part of common alr and æ of phlogiſticated 


1 In like manner, if 


x. 


one part of this air would bear * mixed with x of phlo- 
giſticated air, in order to make its teſt the ſame as that of 
common air, I would fay, that it was I +x times as good as. 
common air, or that its ſtandard was 1 T*; conſequently, if 
common air, as Mr. SCHEELE and LA VOISIER ſuppole, con- 
ſiſts of a mixture of dephlogiſticated and phlogiſticated air, the 
ſtandard of any air is in proportion to the quantity of pure de- 
phlogiſticated air in it. In order to find what teſt on the 
Eudiometer anſwers to different ſtandards below that of com- 
mon air, all which 1 is wanted is to mix common and perfectly 
phlogiſticated air in different proportions, and to take the teſt o 
thoſe mixtures; but in ſtandards above that of common air, it 
is neceſſary to procure ſome good dephlogiſticated air, and to 
find its ſtandard by trying what proportion of phlogiſticated 
air it muſt be mixed with, in order to have the fame teſt as 
common air, and then to mix this dephlogiſticated air with 
different proportions of phlogiſticated air, and find the teſt of 
thoſe mixtures . 


ar, [ would fay, that its ſtandard was 


On 


* The rate” for computing the ſtandard of any mixture of Jepblogitticated and 
phlogiſticated air is as follows, Suppoſe that the teſt of a mixture of D parts of 
dephlogiſſicated air with P of phlogiſticated air is the fame as that of common 

| i air, 
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The trials, called FONTANA” abridged, were ade" in the 
Abbé rowranA's manner, except that only one meaſure of re. 


ſpirable air was uſed, the nitrous air being added by one mea- 
ſure at a time as uſual. | The column. marked 1 at top is the 
bulk-of the mixture after orie meaſure. of nitrous air was added; 


ſo o on. — ; | = 

It-muſt in obletved; that in | theſe experiments a i 
diminution took place in taking the teſt of the unmixed phlo- 
giſticated air, or that-whoſe ſtandard i 18 marked © in the table ; - 


but, notwithſtanding this, the air, as far as I could perceive, 


was perfectly phlogiſticated, the diminution: being cauſed merely 
by the abſorbtion of the-nitrous air by the water. What ſhews 
this to be the caſe is, that if common and nitrous air are mixed 


in ſuch proportions as that the nitrous ſhould be predominant, 


ſo as to be conſiderably diminiſhed by the mixture of common 
air, this mixture will produce as great a diminution with ni- 
trous air as the phlogiſticated air uſed in theſe experiments; 


and if plain nitrous air is added to nitrous air, the diminution 


is ſtill greater. This ſhews, that a conſiderable diminution is 
produced by mixing perfectly phlogiſticated air with nitrous air,, 
and alſo that air may be. 2 en by liver of 
ſulphur. . 

| » Theſe experiments: alſo ew the necoſſt of uſing ſuch a 


quantity of nitrous air as is ſufficient to produce the full dimi- 


nution, in order to form a proper eſtimate of the goodneſs of 
air; for if the quantity of nitrous air is much leſs than that, 
the air you try will appear very little better than air of a much 
inferior quality. For example, if in taking the teſt of very 
good eee air, only an _ bulk of nitrous air is 

uſed, 


that marked 2, its bulk after two meaſures were added, and 
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| aſed, it will appear very | little better than a mixture of equal if 
parts of this and pblogiſticated air; and if twice that quantity 
of nitrous air is uſed, it will appear very little better than a It 
mixture of three parts of this air with one of phlogiſticated. | 
Another great advantage of uſing the full quantity of nitrous 1 
air is, that thereby the error ariſing from any difference in „„ 
purity is very much diminiſhed. 

Perfectly phlogiſticated air may be conveniently procured by Il 
| putting ſome ſolution of liver of ſulphur.into a bottle of air [i 

well ſtopped, and ſhaking 1 it frequently till the air is no longer It 
diminiſhed, which, unleſs it is ſhaken very frequently, will ; 
take up ſome days. Care muſt be taken, however, to 
boſen the ſtopper now and then, ſo as to let in air to ſupply 
the place of the diminiſfied air. In order to know when the 
air is as much diminiſhed as it can be, the beſt way is, when 
che air is ſuppoſed to be nearly phlogiſticated, to place the bottle 
- with its mouth under water, {till keeping it ſtopped, and to: 
looſen the ſtopper now and then,. while under water, ſo as to 
let in water to ſupply the place of the diminiſhed air, by 
which means the alteration of weight of the bottle ſhews whe- 
ther the air is diminifhed or not. If the ſolution of liver 1 
ſulpliur is made by boiling together fixed alkali, lime, ank 7 
flowers of ſulphur, which is the moſt convenient way of pra- 
curing it, the air phlogiſticated by it will be perfectly free from 
fixed air: whether it will be ſo if the liver of ſulphur is made 
without lime, am not ſure. 

A ſtill more convenient way, however, of procuring 1 
giſticated air is by a mixture of iron filings and ſulphur; and, 
as- far as I can perceive, the air procured this way is as com- 


. phlogiſticated as that prepared by liver of ſulphur. RS 
Where 
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| _ hs im ouriti W Wick the air have any « 1 hes 
Weka dk leur Geld f Lacht ky Be able td dnedver ther 0 
thbightbaquantity-je viltty t falk to A tcatl che al 
in ſuch ul Aegree as its be perceived bythe trois tet "even 
tough choſe impuritieb pr their peoſhſten'to the air very 
freely. For zuſtance „Hehe cgreat aff [3nſtantaneous "power of 
| nitrous: air id-phlopiſticativs cbmfOn air is well kizown'; and 
75 ten ounce meaſures of nitrous ait, mixed with the a air of a 
room room upwards: of twelve feet each way, 18 ſufficient to commu- 

ajtath a ftrong ſmell to it, though its effect in phlogiſticating 
the air mult be utterly inſenſible. to the niceſt, Eudiometer ; for 
that quantity of nitrous air 18 not more than the 140000th part 
of the air of the room, and therefore can hardly alter its teſt 
by more than ex or a th part. Liver of ſulphur alfo 
_ Phlogiſticates the air very freely, and yet the air of a room 

will acquire a very ſtrong ſmell from a quantity of it vaſtly 
too ſmall to phlogiſticate it in any ſenſible degree. In like 
manner it is certain, that putrifying animal and vegetable ſub- 
ſtances, paint mixed with oil, and flowers, have a great tendency 
to phlogiſticate the air; and yet it has deen found, that the 

air of an houſe of office, of a freſh painted room, and of a 
room in which ſuch a number of flowers were kept as to be 
very diſagreeable to many perſons, was not ſenſibly more phlo- 

giſtieated than common air. There is no reaſon to ſuppoſe 
from theſe inſtances, either that theſe ſubſtances have not 
much tendency to phlogiſticate the air, or that nitrous air is 
not a true teſt of its phlogiſtication, as both theſe points have 
been ſufficiently proved by experiment; ; it only ſhews, that 
our ſenſe of ſmelling can, in many caſes, perceive infinitely 
ſmaller alterations in the purity of the air than can be per- 
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extved by the nitrous teſt, and chat i in moſt rooms the air is ſo 
frequently changed, that a conſiderable quantity of phlogiſti- 
cating materials may be kept in them without ſenſibly impair- 
ing che air. But it muſt be obſerved, chat the nitrous teſt 
ſhews the degree of phlogiſtication of air, and that only; 
whereas our ſenſe of ſmelling cannot be conſidered as any teſt 
of its phlogiſtication, | as there are many ways. of phlogiſti- 
cating air without imparting much ſmell to it; and, I believe, 
there are many ſtrong ſmellin, g * which do not ſenſibly; / 
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upon a ſingular experiment related by Mr. xoBINs in his Trea- 
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IX. OY upon 10 aßen ith 10 . 0 1 _ i 
Lovell Rdgworth, Bye. F. R. . In, a 1 Letter | to af 
N . P. R. 8 1 aft 
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| Read 4 Januar ” 1782. : 
DEAR 511, „„ av 


HE laſt time 1 had the eaten of ſeeing you, the con- 
verſation turned upon the reſiſtance of the air, pe 


tiſe upon Gunnery. I have ſince repeated his experiment, and 
tried ſome others, which I beg you to lay before the Royal 
| Society, if you think them worthy their attention. 


„ have the honour to be, &c. 


MA NY pers EY > tried to aſcertain the hoes 
and velocity of the wind, with a view to the conſtruction and 
management of diffetent engines, and more particularly for 
the purpoſes of navigation. Several machines, which have 
been employed in theſe enquiries, are deſcribed in the Tranſac- 
' tions of the Royal Society, and in the Memoirs of F oreign 
Academies; but the moſt accurate which I have ſeen was in- 
vented by the late Sir CHARLES KNOWLES ; and from a number 
of experiments made with it, he had conſtructed tables, ſhew- 
ing at one view the force of the wind upon each fail of a ſhip 
at every degree of velocity from one to ninety miles an hour. 

But 
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Aut cheſe calculations, and mung mote of 4 -ſirnilae; natdre, 


that are to be met with in BEL1BOR 's Architecture Hydraulique, 
and other hooks, are founded upon ja {uppoſizion that the efſeſ 


of the wind is gitectly as the 8 n ats. If, 
for inſtance, 1 its force be eſtimated as one upon one ſquare yard, 


its force upon two ſquare yards ſhould be eſtimated as two, upon 
three ſquare, yards as three, &c. ;' but in fact this propottion 
is not to be depended 1 upon, nor mult the reſiſtance of {ſurfaces 
be eſtimated merely by their extent ; but ſeveral other e circum 
ſtances muſt he taken into conſideration. n. 
No figures can reſemble each other more than 2 — 
gram and a ſquare having the ſame ſuperficial contents, a 
they are both bounded by four ſtraight lines meeting at right 


3 — yet yy . Uffetent _ of — to the 
air, 

11 two milay wards, foe- n 1 plated a te as 

wind, one upon its end, and the other on its fide, and both 


inclined to the ſame angle, the wind will have the _ 
effect upon the card that is placed end-ways. 
Io determine the difference of reſiſtance FFI * 1 
ſutfaces, and to aſcertain the effect of other figures moving 
through the air, I tried the following experiments. The two 
firſt are to be found in Mr. xoptxs's Treatiſe upon Gunijery ; 
but I thought it proper to repeat them, that they might be 
more readily compared with others made with the ſame appa - 
ratus, eſpecially as Mr. xoB1Ns made uſe of a machine en- 
rued upon a ſinaller ſcale than mine, and;turning upon fric- 
tion wheels, which are not proper for machines of this nature, 
nor indeed for any £ where an uniform motion is 
required. 5 e l caged; 
VoL. LXXIũ. : CCC Havirig 
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” 


diſtanee from the floor, I“ erected a perpendicular ſhaft or 


and bridge upon pivots of h ardened ſteel one · ſixteenth of an inch 


55 periments was the ſarne; and, as each revolution was per- 


Ib. — 's tins; „ 


Having faſtened a ſtrong joiſt of wood from one fide of 2 
hinge room to the; other, ſo as to form a kind of bridge at ſome 


roller; which turned freely iti braſs ſockets fixed into the floor 


in diameter. On each ſide of this roller was extended an arm 
of deal, feather-edged, and ſupported' by ſtays. of the ſame 
material, feathered in the fame manner, to o oppoſe as Httle 


ſurface” as poſſible to the air when in motion. ; 


Round the upper part of this roller was 00 a aeg of 
oat· gut, which, paſſing over pullies properly diſpoſed. was 
faſtened to a Na har ede into o the well of an nn 
ſtair-caſe. >5ritt 1 | 
The extremity of theſe arms deſcribed a i of more than 
forty feet in every revolution, the weight deſcending in the 
fame time only ſix inches. The time in all the following ex- 


pred: i in four ſeconds, the velocity of the end of the arm on 


which the ſurface was bred, was at the rate of about feven 


n hour.” 82 | nts | 
he firſt figure that I tiled: was a ns tin, nine 
be long, and four inches wide. Its longeſt fide was placed 


parallel to the floor, at the extremity of one of the arms. Its 


ſhorteft ſides were inclined to an angle of forty-five degrees from 
the perpendicular, and m this fituation it: was. e round 
with its ſurface againft the air. 22 755 

- After ſuffering it to revolve until I was: farzafied thes: its mo- 
tion was-become uniform, I put as much weight into the ſcale 
as moved it with: a velocity of five turns in twenty ſeconds. I 


then changed the ſituation of the parallelogram, placing its 


thorteſt ſides parallel to the floor, and inclined to the ſame 
3 angle 
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angle as bse. 1 I du that more mg was requ 
to produre*the lame velocity, though the quantity of ſurface 
was the faine as in the preceding experiment. The weiglit 
neceffaty to put the machine alone in motion, *withithe velocity 
above mentioned, was two pounds and a half. When it car- 
ried the parallelogram with one of its ſhorteſt ſides downwards, 
it required four pounds and a half additional weight; and 
when the parallelogram was reverſed, another * Pound was 
_ ſufficient to give it the ſame velocity. 
The difference, therefore, occaſioned by dig the ſame pa- 
rallelogram with its longer or ſhorter ſides inelined from the 
direction of its motion was _ to one-tenth of the e greateſt 
refiſtance. — nir 2660! =” 
It has been obſerved, that in theſe: two —— the 
mean velocity of the plane was not the ſame, as its extremity | 
extended farther from the center of the machine in one than in 
the other. This is ſtrictly true; but the ſize of the parallelo- 
gram bore ſo ſmall a proportion to the length of the radius to 
which it was faſtened, that the error ariſing from this circum- 
tance is ſcarcely perceptible, and the advantage being in favour 
of that which required the leaſt weight, I did not think i it 
neceffary to bring it into account. 
| Having formed a general idea of the reaſon of the difference 
1n theſe experiments, it occurred to me, that there would be a 
greater diſproportion between the reſiſtance of ſome other 
figures, which Mr. xoBiNs had not tried; and having put a 
rhomboid, in the form of a lozenge, nine inches long, and 
four broad, in the place of the parallelogram, the differenee 
was increaſed from one-tenth to one- ſeventh of the — 


7 to Sire them the required velocity. 55 
ae ory Parſing 


-\Puruing — —— led-1 me to the laſt experi- 
pi a it occurred. to me, that even againſt figures of exactly 
the fame ſhape, the xeſiſtance of the air, when the dimenſionz 
of the Ggures were enlarged, would not be increaſed in the 
lame proportion as the fize of the planes, hut in a much higher 
ratio; and that, by bending the planes as a fail, the reſiſtance 
would be full farther increated, though the ſection of air, that 
would, be intercepted by the Planes, myſt by tele Een be 
conſiderably leſſened - 
The refult far ſurpaſſed my ola; A Ca of tin, 
containing ſixteen ſquate inches, placed perpendicularly, Was. 
Tefiſted as two and @ half. A ſquare, containing ſixty- four 
inches, or four times the former quantity, inſtead of meeting 
with a reſiſtance as ten or four times the former reſiſtance, 
required n no Jeſs. hn fourtgen pounds. to give 9 * lame 
velocity. 
0 our · tenths * ny half as. a again) was an lou 
of reſiſtance that made me ſuſpect ſome error in the experiment; 
but having repeated it ſeveral times with great care, and having 
examined all the parts of the machine, 1 Was ſatisfied that I 
| had made no miſtake. 
I now placed the parallelogram of nine inches 3 upon 
the arms of the machine, with its ſhorteſt ſides parallel to the 
horizon, bending it to ſuch an arch that its chord meaſured 
eight inches, and inclining it to an angle of forty-five degrees. 
And though the ſection of air that it intercepted was by theſe 
means diminiſhed one - ninth, yet the reſiſtance was increaſed 
from five to five and a half. And when the parallelogram 
was bent yet farther, and its chord contracted almoſt to ſeven 
inches, the refiſtance was increaſed to five and three-quarters. 


I mention theſe numbers in groſs to avoid confuſion ; but in 
the 


— 


„ 


the, Ryfllance of the dir. 15 
the table at the end of this paper. the wenige and weights 
are ſet down'exattly. 

De, Hook, whoſe name muſt be reſpetted by. every experi· 
mental philoſopher, was apvare, that although he thought he 
could demonſtrate that flat ſails were preferable to ſuch as were 
curved and hollowed by the Wind, yet. until proper experi- 
ments had been tried; nothing could be poſitively determined. 
He fays ſomewhere in his poſthumoys- works, That he 
« was ſurpriſed at the obſtinacy of ſeamen, in continuing, : 
«. after what appeared the cleareſt demonſtration to the con- 
4 trary, to prefer bellying or bunting Tails to ſuch. as. were 
« hauled taught; but that he would, at. ſome. future time, 
add the teſt of experiment to mathematical jeſtgation.” " 


* wean.» 


Ne reaſoned upon a ſuppoſition, that the air in motion followed 
the ſame lawes as light; and that it was; reflected from ca | 
with the angle of reflection equal- to. the angle of iucidence, 
which. is not the caſe, as it: never. makes an angle with the - 
plane, but is always reflected in Curves. Monſ. van ENx, and 
other mathematicians, have fallen into the ſame miſtake. No 
demonſtration of this ſort was more commonly known or 
received among practical mechanics, than that the beſt angle 
for the fails of a wind-mill, at the beginning of their motion, 
was an angle of forty-five degrees ; and that the maximum of 
an under : ſhot water · wheel was when it moved with one-third: 
of the velocity of the water: but Mr. sMEATON,..in an excel- 
lent paper in the Philoſophical Tranſactions, has refuted this 
opinion by the cleareſt experiments. 
I had intended to diverſify theſe experiments, and to nod | 
them to a more intereſting ſubject of enquiry, to determine 
the beſt ſhape of fails, and the angle to which they ſhould be 
let, to. obtain the greateſt progreflive effect with the leaſt lee-- 
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upon which it ſtrikes. The ſhape and ſize of the portion thus 
ſtagnated, differs from the ſhape and angle of the plane. The 
elaſticity of the air permits the parts in motion to compreſs 

thoſe which are firſt ſtopped or retarded by the plane, and 


way; but, as a more complicated apparatus than I could at 
preſent procure is neceſſary for this purpoſe, I determined to 


offer you the flight progreſs I have made, in hopes that ſome 
gentleman, more converſant and more intereſted than myſelf 


in theſe inquiries, may purfue them with ſucceſs and advantage 


to the public. I ſhall only remark, that the general cauſe of the 


different reſiſtance of the air upon ſurfaces of different ſhapes, | 


1s the ſtagnation of that fluid near the middle of the plane 


forms, as it were, a new ſurface of a different ſhape, for the 


reception of thoſe particles which ſucceed. With the aſſiſtance 
of a good ſolar microſcope the curves of the air ſtriking againſt 


different ſurfaces may be delineated, and when the general facts 
are once- clearly aſcertained, mathematicians will have: an en 


field for curious and e ſpeculation; a 


f tze Refiflance of the Air. 


1 4 1 
8 ; | T Tams. Time. Y 
Machine alone #300 *1:}-9v.. 6 = 8 
With a parallelogram of nine inches long 1558 


and four broad, one of its longeſt ſides, 
parallel to the horizon and the parallelo- 


gram, inclined to an angle of a6, = * 0-0 
Ditto, with one of its ſhorteſt hides —. . 
VTV 
With a lozenge nine inches long r 

broad, with its = hide * to 
the horizon, ZZ) on a au” 

——A = 7-H 4s: 5 4 6 o 

With a fquare piece of tin, four inches by 5 
four inches - — — 5 4 4 © 
Ditto, eight inches by eight W 1 


With the former parallelogram, placed 


with one of its ſhorteſt ſides downwards, zs. 
| inclined to an angle of 45%, and ben 
85 into an arch whoſe chord Was eight” 1. 07 | a 1 
5 inches long, e Wn OG — s 11 © 8 © 
Ditto bent to an arch, the chord of which ALTO 0} SE 
Was ſeven inches and a ques, 8 5 
Es op 1585 1 TTIRTS.? e of 
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N. 4 Auf, to 135 Objeftions fated by M. De la Lande, in 
of; Memoirs of the French. Academy for the Year 1776, 
agamſt the Solar Spots being Excavations in the luminus Mat- 
ter of the Sun, to ether with | a ſhort Examination of the 
Views entertained þ bim upon that 8 ubjeft. By Alexander 
Wuſon, M. D. Profe efſor of. Proflical Aſtronomy in the Uni- 
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| | ang lately teen : a aper on che Solar Spots by M. 
DE LA LAx DE, in the French Memoires for 1776, pub- 
Aiſhed in 1779, 1 found ſuch mentien made of mine upon that 
fubject, as appears to me to require an anſwer; not only i in 
Juſtice to myſelf, but to that honourable Society who admitted 

0 in zecount of my diſcovery into their Tranſactions, and 
to philoſophy in general, whoſe cauſe it becomes a duty upon 
her followers to vindicate from ſuch errors as ſeem likely to 
prevail. 

I be univerſal circulation of the volumes of the French Aca- 
demy makes me the more ſolicitdus to be heard in anſwer ; and 
to have that anſwer conveyed to the public through the channel 
= 


De- WIT.SON's Aifever, te. Mt: 145 
of che Philoſophical Tranſactions, as being the only one where 
an appeal can be made equally general and extenſive. | 

It has been my aim to draw up the paper, which at this 
time I take the liberty of tranſmitting, with that freedom 
which the important intereſt of truth demands, and to ob- 
ſerve at the ſame time thoſe rules of decorum, of which too it 
becomes philoſophers, of all other men, to ſet the example. 

Give me leave, therefore, to requeſt, as a very particular 
favour, that you will be ſo good as to communicate the incloſed 
to your colleagues in the Council of the Royal Society; as alſo 
this letter, in which I wiſh to expreſs the moſt unreſerved R 
_ deference to your and their opinions and determination. 


I am, &c. 


2031 34866 FARLANE — April ad. oY "i 
IN the Giſt Neef my paper, publiſhed in the Philoſophical | 
— for 1774, I have explained how, from the lucky 
accident of ſeeing the great ſolar ſpot of November 1769, in a 
certain critical ſituation upon the diſk, its real nature was ob- 
truded on my thoughts by a train of appearances the moſt ob- 
vious and unequivocal. The reader may there alſo ſee how, 
| from phenomena perfectly ſimilar in ſpots of the uſual fize, 1 

was led to a general concluſion, - and to believe that all ſpots, 
ſmall as well as great, which confiſt of a dark nucleus, and 
ſurrounding umbra, are excavations in the luminous matter of 
the ſun. F 
Before this time no opinions had been entertained of any 
third dimenſion belonging to the ſpots, but what agreed to the 
conception. of their being ſomething material extending more 
Vol. LXXIII. U or 
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or leſs above the common leyel of the: ſun's ſphavicat — 
This idea, though ſo very prevalent, ſeems however to have. 
originated: rather from pre · conceived theoretieal notions of the 
nature and conſtitution. of that vaſt body, than from any phe- 
nomena of a 2 * in dhe * 
thbemſelves. 
The views which 1 Fn ed 490 this Fubject diſclaim, 3 
believe, for the frſt time all alliance with hypotheſis, and ſeck 
after a permanence in the ſtrong holds of no ĩmaginary ſyſtem. 
They make a direct appeal to our ſenſes, upon tho teſtimony of 
which alone their merits muſt finally reſt. 

As. for myſelf, fituations will ſometimes occur whos it 
would be as inconſiſtent with the ſpirit of the moſt guarded phi- 
loſophy to- harbour doubts, as-on other occaſions. to be weakly 
credulous. When in the year 1769 J firſt mentioned the diſco- 
very in the London Chronicle, and even at the time of ſending 
a full account of it to the Royal Society, F conſidered. it as too 
early to offer my ſentiments in a manuer intirely decided. But 
in the lapſe of eight more years the ſubſequent obſervations 
have all conſpired to ſtrengthen, and even to perfect, my con- 
victions. Now, therefore, I haue no heſitation in pledging 


any credit which may belong to me, as an aſtronomical ob- 


ſerver, to the preſent and to future times, for the reality of 
that di{covery which is laid down. 1 in the firſt part of the paper 
above mentioned. 

But though 1 maintain that any 1 with a good tele 
ſcope, and with good eyes practiſed in obſerving, cannot fail of 
beholding frequently i in the ſun the phenomena I have pointed 
out, it yet may require the more palpable dimenſions of ſome 
future great ſpots, in order to fatisfy people leſs accuſtomed. to 
examine and to judge of objefts by means of glafſes. This is 


dhe more to be expected, as L frad, that even from amongſt 
thoſe the moſt profoundly ſkilled, a demand has lately been 


ddd ſeem to be ſtated as unſurmountable objeQtions. 


mona for the year 1776, publiſhed in 1779, 1 there find 


has many obligations. The author alluded to is M. pz 14 


confidence of a. generous indulgence on his part, and with 


tention is very freely to offer what arguments occur to me in 
favour of the ſolar ſpots being ſuch as I have deſcribed. 


J. yd TS OE. O01" 


myſelf ſufficiently aware of it, having ſtated three caſes from 
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made upon me to uphold what 1 have advanced, and to remove — 4 


Having ſome little time ago ſeen the Memoirs of the Wann 


y paper on the Solar Spots has come under the notice of a 
CARD that Hluſtrious body, whoſe name is juſtly held in 
great eſteem by all. aſtronomers, and to whom aſtronomy itſelf 


LANDE. Though I ſhould. have been much flattered to have 
found my views ſupported by an authority fo truly reſpectable, 
yet, even in his endeavours to oppoſe me, J honour him as a 
philoſopher who has taken ſo much pains to vindicate what he 
doubtleſs. believes to be juſter opinions. In the moſt perfect 


equal attachments to philoſaphy and to truth, my preſent in- 


Firſt of all, it has been urged, as an objection of great 


weight, that the abſence of the umbra on one ſide, when ſpots i | 


are near the limb, as ſo fully explained in my paper, is not | 
conſtant. As to the fact, the reader may there ſee, that I was 


my own obſervations, when 1 did not perceive this change to 
take place. The rev. FRANCIS WOLLASTON, LL. B. P. R. s. is 


the only perſon who (in the Philoſophical TranſaQions) has 


beſtowed any remarks on my publication; and though he with 

great candour acknowledges that, generally, the umbra changes 

in the manner I have determined, yet he _—_— a — as 
Sok:. n 10 
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to my concluſions, on account of this W — not . 
ing univerfally. | | 


have been long continued, only three caſes of the ſame kind, 


DE LA HIRE, four more. In regard to theſe laft, I am not 


of the preſent kind. Thoſe exeellent obſervers, entertaining 
attention to the form of the ſpots, might eaſily overlook leſs 
the limb. We may add further, that, even wheis ſo ſikuated; 
they retair the umbra at both ends, and that whole fide of it 
a8 not deficient in any particular place. That they did not 
DE HA HIRE, found m the Mem. Acad. 1704, p. 10. As to this 
ſpot, ſays he, Je ne donne point ici, les figures differentes ſous 


5 __ he gives the following: Car il. me ſemble qu'on ne 


Dru w Aso Anfever fo „ 


Under fimilar W M. DE-LA LANE, in the Memoirs 
before me, produces from his own obſervations, which-appear to 


ind from the ancient obſervations of Mefſt CASSINE and 


fore if fuch obſolete ones oupht to be referred to in a queſtion 


no thoughts that any thing of moment depended upon a nice 


obvious cireumſtanees, eſpecially when they were found near 


which: lies fartheſt from the center of the diſk and theſe parts 
wi the aggregate, they might ſometimes miſtake for the umbra 


affect what: muſt have appeared to them a needlefs refinement in 
accuracy may be collected from the following expreſſion of M. 


* leſquelles cette tache a paru; and, among other reaſons for 


<« peut pas tirer utilite de ces ſortes de . qui nn 
4 continuellement.“ 
But even admitting the — ws at. preſent: confider:to be 
— more frequent than can be contended for, ſtill-ſuch caſes 
can only be brought as ſo- many exceptions from a certain ge- 
neral law, or uniformity. of appearance, from which the condi- 
tion of by far the greater number of ſpots is moſt undeniably 
Jeduced. The utmoſt, An, that can hence be alledged 
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z, that ſome few ſpots differ from all the reſt, or from the 
multitude, and are not like theſe excavations in the ſun. Such 


caſes or exceptiom will not ſurely warrant the concluſion, that 


ao ſpot ean be an excavation. This would'be to reverſe all the 
rules of a juſt induction, by oppoſing to an irrefragable general 
argument, the force of one extremely limited and feeble. 
But notwithſtanding theſe few inſtances where the 'umbra is 
not found to chan „when we conſider how perfectly all ſpots 
reſemble one bold in their moſt ſtriking features, there na- 
turally ariſes ſome preſumption for all under that deſcription 
we have given partaking of one common nature; and for this 
only difference in the phenomena depending upon ſornething 
which does not mn. Oy a Ser e generical. Al 
Unction . 
It comes therefore to be 1 nö far ſpots, Which 
when near the middle of the diſk appear equal and ſimilar i in 
all things, may yet differ from one another couſidèred as exca- 
vations; or as poſſeſſing the third dimenſion of depth, and how 
far the peculiar: circumſtances by which they may diſagree ca 
contribute to make ſome reſiſt this change of the umbra, whe fi 
near the limb, much more than 8 
In order to this, ſuppoſe two ſpots which oceupy a ſpace 
upon the ſun correſponding to the equal arches GD (fig: « T9 14 
and let GM, DM, be dtawn fo as to coincide with the plane 
of the excavation in ſuch caſe. The breadth of the nucleus 
being commonly equal to that of the ſurrounding umbra, if 
the baſe MD of the triangle GDM conceived: rectilineal be 
divided in L, ſo as: ML: ED':: MD: DG; and if through 
L be drawn LS parallel to DG, then wilt DGSI; be the ſection 
of two ſpots having this condition, and which as to ſenſe 
would, when far away from the limb, be equal in all apparent 
meaſures; 
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their ſides to the ſpherical ſurface of the ſun. Now it is ma- 


AB, AK, from the limb A, when the ſides GS of the umbra 


neſs and the very gradual ſhelving of ſome few ſpots which 


: objection we are at preſent conſidering will be entirely removed, 


Dr vn n * the 
meaſures; though very; unequal in the third WP HB « or 
depth of the nucleus SL, and alſo in the inclination DGM of 


niteſt, from the conſtruction of the figure, that the diſtances 


diſappear, muſt depend very much upon the laſt of theſe two 


circumſtances ; and that, according as the angle of inclination 


DGM 16 eſs, the e r 3 


at — — examining are * this ind, and 1 may, — 2 
what has been now ſhewu, proceed wholly from. the thallow-. 


reak out in certain tracts of the ſun's wy over which the 
luminous matter lies very thinly mantled. | 

If, therefore, vpon ſuch. principles it can be. Gon, | that 
ſpots, ſimilar to the reſt, may ſometimes go to the limb with- 
out the one umbra contracting ſenſibiy more than the other, the 


and it will be allowable to conclude, that even theſe few ſpots 
are excavations like all the reſt, though ſhallower, as it would 
be quite unphiloſophical to multiply diſtinctions concerning 
their nature, where there is found no neceſſity for ſo doing. 

1a order to avoid. circumlocution, we may: call that fide of 
the umbra which. hes ueareſt the limb the nears! umbra, and 


the ſide oppoſite the fartheſt unbra ; and to enter more particu- 


larly into the conſideration now before us, let us ſuppoſe a ſpot 


of 40“ over all, with its nucleus and umbra equally broad; 


then. will the depth of the nucleus and the apparent breadth. 
of the neareſt umbra, when the plane of the fartheſt comes to 
coincide with the viſual ray, be as expreſſed 1 in the following 
examples, 


Ohrenbeas 71 DE LA'LANDE. "54 
— in which the apperenc\ bm Maat 0 of bony lun i is 
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— * fappeled - Depth of ** irn Apparent breadih 


to vaniſh when * 5 Engliſh ben and 1 in of neareſt umbra. 
. e rr TS 09 5 T | 
— 1 0 — 4.54 — 21 18 1 8. 58 


1 30 „ 7 1. 6.02 
— „ %%) TH ,” 3 
e 1.44 672 - 2. 87 


Now, becauſe: in every aſpect wy a ſpot, the real breadth of 
either the fartheſt or neareſt umbra muſt be to the projected or 


Ss apparent breadth, as radius to the fine of the angle which this 
reſpective plane makes with the viſual ray, it follows, that at 
any time before the ſpot comes ſo near the limb as is expreſſec 
in the above examples, the apparen? breadth of the neareſt and 
fartheſt umbra cannot differ ſo much as by the quantity there 
ſet down for the apparent breadth of the neareſt, when the 
ether is ſuppoſed to vaniſh, Regarding, therefore, the fartheſt 
and neareft ambra of the ſpot in caſe IV. as two neighbouring 
viſible objects which turn narrower by degrees as the ſpot goes 
toward the lamb, we ſhould undoubtedly judge that they con- 
tract as to ſenſe alike, ſince 0 long as the fartheſt eould be 
perceived, the other cannot appear to exceed it by a quantity 
that we could diſtinguiſh 3 and by the time the plane of the 
former comcides with the viſual ray, the extreme nearneſs to 
the limb would * our m_— any certam * of 

either. 

From this laſt example, therefore; it appears manifeſt that a 

ſpot, anſwering to the deſcription and conditions there men- 

dined, or one a little more 3 would approach the limb, 
8 and 


CY 3 
and finally go off the diſk, without that peculiar change of 


ſions, notwithſtanding 1 it were an excavation, whoſe nucleus or 


of the nucleus from the ſun's limb when the viſual ray coming 


words; the diſtance 'of the nucleus from the limb when it᷑ is 
* hid was alſo com puted. Theſe diftances are as follow: 


A ſhallow. ſpot 
before the nucleus wholly diſappears. 
A, that the viſual ray VB coincides: with GS the plane of the 


ſide, and draw, the radii CA, CQ. lo as to be at right _— to 
GB, DF, and draw the radius CH, through the point M. 


from the limb, when the ſide of the umbra GS vaniſhes is 
given, the arch GA of the ſun's circumference is given, and 


from the ſurface. When theſe particulars have been deter- 
mined for any aſſumed diſtance BA, and aſſumed extent of the 
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the umbra on one ſide, which i; ſo obvious on common occa 


bottom ag ſo many miles below the level of the furface. = 
In the four caſes abore-ſtated, the diſtance of the remoteſ} part 


from it is juſt interrupted by the lip of the excavation, or, in other 


| Caſe; 4, 1 i U Caſe 3. 4. 7⁰ 
. 8, dos Hoc oth ; 290: „ 


adi it 18 adds from the two olaſt, how very near the limb 
of not more than 40“ in — _ ons 


Computations of this kind are very IP" 1 * FRE 
poſing on (fig. 2.) GDLS a ſection of a ſpot ſo near to the limb 


excavation. Let the ſtraight line DF coincide with the other 


Now, becauſe the - verſed. fine AB, the apparent diſtances 


from the known breadth of the ſpot, the arch GD and its half 
GH are each of them given, and conſequently the arches HA, 
DA, and QA, are all given. From theſe data the angles and 
ſides of the triangle GMD, ſuppoſed rectilineal, may be de- 
duced, alſo HM. the diſtance of the point of interſection M 


ſpot 


— 
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* GD, ths depth of the nucleus — I * by the 
following analogies. . - | 

By ſimilar triangles MD : 0 pe MI 18. Bur LS being 
the breadth of the nucleus is, by hypotheſis, equal to LD, che 
breadth of the umbra ; therefore MD: DG:: MIL: LD, or as 
ME : EH on account of the parallels SL and GD. By compo- 
ſition, MD TDG: DG :: MH : HE. Hence HE, the only. 
unknown quantity of theſe proportionals, is found, and is the 
depth of the nucleus ſought. If DP, the apparent breadth 
of DL, the fide of the umbra next the limb be paging” cor- 
reſponding to the preſent. aſpect of the ſpot, this may be de- 
rived from the data by the reſolution of the triangle DLP, 
whoſe hypothenuſe DL and angle DLb, are known. Again, if 
| the neareſt' apparent diſtance of the nucleus from the limb, 
| when it wholly diſappears, be ſought, it will corne out equal 
to the verſed ſine of the arch GA, when diminiſhed by half 
| the arch HA, which laſt is by conſtruction equal to half of 
either of the acute angles of the triangle DGM. In order to 
ſee the reaſon of this, it muſt conſidered, that the ſegments 
ML, LD, of the baſe MD, are in the fame ratio with the 
fides DG, GM; on which account a ſtraight line drawn from 
G to L, the laſt; part of the nucleus which can be ſeen, muſt 
biſect the angle DGM. Therefore, before the viſual ray of 
line ZGL can fall perpendicularly upon the radius CA, this 
muſt be drawn diſtant from the point A towards D, by an arch 
correſponding to half the * DGM, that is, by an arch 
equal to half of HA. 
Perhaps it may be urged, that very ſhallow. ſ pots 41 
ways to be known from the reſt; and to diſcover themſelves, 
by a ſurrounding umbra very narrow compared to the extent 
of the nucleus; but we know far too little of the qualities of 
the luminous matter, and of the proximate cauſes of the ſpots, 

Vol. EXXIII. Eh X ot 
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rotation they are made to preſent themſelves more and mot 


| inaccurately: repreſented in fig. 9. belonging to the Memoire 
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* ts rank e upon ra wow of this kind. Th Yretidih 


mode equal a0 that of the nueleus, Wk fomndtinneniir wit 
more {or leſs; bur how far theſe relative dimenſions indicate / 
depth or ſHallownels' muſt be expounded only by - obſervatiod, 
and nor by any vague or imperfect notions: of — 1 and 


ane of the ſun.. C 2 4 1 | a vs, "x ot 


The mention ef a pit er hollow or exdavation fovent 
1 of miles. deep, reaching to that extent down: through 
a luminous matter to darker regions, is ready to ſtrike the ima 
gination in a manner unfavourable to a juſt conception of the 
nature of the ſolar ſpots as now deſcribed.. Upon: firſt thoughts 
it may look ſtrangs, how the fides and bottom of ſuch» vaſt 
abyſſes can remain ſo very long in ſight, whilſt by the ſun's 


obliquely to our view. But when it is - conſidered, how en. 
tremely inconſiderable their greateſt depth is; compared to the 
diameter of the ſun, and how very wide and ſhelving they- 
are, all difficulties of this ſort will be entirely removed. 
Unleſs, however, we duly attend to theſe proportions, our 
notions upon the ſubject muſt be very erroneous; and it ſeems” 
che more neceſſary to offer this caution, as this very thing is 


under review, and in a way that may lead to miſtakes, Inſtead 
of exhibiting: a ſpot as depreſſed below the ſurface of the ſun 

one hundredth part of his ſemi-diameter, the ſection of it is 
there determined by two lines drawn from the: eircuntfererice; 

and meeting in a point at the prodigious: diſtance of one- 

fifth of the ſemidiameter below. This author's known 

clear and comprehenſive ideas of every thing relating to- the 
ſphere have doubtleſs led him to think, that any particular 
attention to exactneſs was unneceſſary in this repreſentation 3 
. but 


r 
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hes ef * vn LA —_— 


+ut-as. my deſign, on the preſen: occaſion, .is;to,write and to 
explain matters in a popular way, rather than to aſtronomers, 
it will be proper to affift the conceptious of thoſe who are hut 
little verſed in mathematical principles by ſuch diagrams. as. 


fore, who. pleaſes, by turning to fig. 3. may ſee how very ſmall. 
2 portion of the ſun's body is made up of the luminous matter. 
when ſuppoſed every where 3967 Engliſh miles deep. Fig. 3. 


part of this reſplendent ſubſtance. 


in the way of ocular proof, by a model of the ſun and of the 


ſpots upon his body according to their proper dimenſions. This . 


put into a convenient wooden frame, and viewed it afar off when 
ſet upon a ſtand, whilſt the globe was turned flowly round, and 
ſubtended an angle at the teleſcope equal to the apparent diameter 
of the fun. By an object-glaſs micrometer I then took the 
diſtances from the limb when the fartheſt umbræ of different 
ſpots vaniſhed, as alſo the diſtances of the nuclei juſt when 
diſappearing. The apparent ſubtenſe of the umbra next the 
limb was alſo meaſured in this way, together with the viſible 
entenſion of ſome great ſpots within the diſk, when the ex- 
teme limits of the neareſt umbra coincided with the limb. In 
all theſe experiments the effect was very ſtriking, and the phe- 
nomena remarkably conſonant to calculation, and to what 1 
have often ſeen upon the real ſun in the heavens. 

The globe I got made conſiſts within of two ſtrong "i 
low hemiſpheres, formed by paſting ſhips of paper upon 


a well - turned ball of wood, and afterwards faſtened together 


upon an iron axis in the way commonly practiſed. Over 
this were repeatedly laid coags of Spaniſh white and glue, apr 
phed when i in a thick paſte, till at length this outward ſhell 
X 2 became 


'TY5z 


will ſhew-things-in their juſt proportions. . Any reader, \there», | 


A is a ſection of a ſpot of 50”. diameter ſituated in the, deepeſt N 


For my own amuſement I have bn WP this ſubjeR further 
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derable thitknefs. To gie che whale 4 true 
form, the two projecting poles were locked up in ee grooves 
n coinciding! with the diameter of an iron feni-circle, 
whoſe inner edge was fo faſtenedi as to cut away the redundant 
parts of the laft-coat of che chalk nearly dry, whilſt the globe 
was continnedly and ſtow ly forced round By thus repeatedly 
1 paring off che protuberances, and ſupplying new paſte when de- 
ficient, and forcing tlie globe round againſt the cutting edge as 
before, it at length became quite fmooth and ſpherical. After 
this, when flowly dried, it turned very white, and then the 
ſpots or excavations were made i in its ſurface by doring inſtru- 
ments of ſteel as in fig. 4. conſtrvcted in all their cutting edges 
from a ſcale of parts of the globe's diameter. This done, 1 
penciled the bottom of the hollows all over black with China 
ink, and diftinguiſhed the ſhelving ſides from the _ white: 
net of the outward ſurface: by a ſhade of the pencil | 
was darkeſt towards the external border. Fhope*the cndulghtt 
reader will excuſe me for having been ſo particular in regard to 
this artificial ſun, as poſſibly what I have mentioned may facili- 
tate a like conſtruction, ſhould any perſon deem it worth while 
to entertain himſelf with ſuch experiments. EE 
But to proceed ; what has now been infifted on at ſs tank 
length concerning the ſhallownefs and the more gradual'ſhelv- 
mg of ſocne few ſpots, will alſo apply to another NH: 
which M. DE LA ANDRE views in a ſtrong light, 
Here we find · quoted the great ſpot in 1719, ſeen by M. 
CASSTNT;- and; for the ſecond time, that of June 3, 170 3. ſeen 
by M. De LA mr; both which, on their arrwal at the limb, 
are ſaid to have made an indentation or dark notch in the diſk; 
_ and this phenomenon. i is mentioned as abſolutely incompatible 
with FAS being below the ſurface. 


K 
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Object f. DET rnb. 
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ſegment.: Bur may not a ſpot, even no larger than M. cas- 
sI I's, conſidered as an excavation, make, in a manner very dif- 
ferent from this, ſomething like a notch; for, by the way, this 
phenomenon is not in the Mem. Acad: nor any where elſe, that 
I know of, deſcribed with any ſort of preciſion. 


M. cassiNtT's great youu by which: we . 50 nu- 
cleus, was one of 30“; and ſuppoſing the nden. equally 
broad, its diameter over All muft have been 1 300 It would, 


therefore, oecupy an extent upon the ee of 5 12 
fully. Now, fuppoſe à circular ſpace of that fize upon the 


fun, diſtinguiſhed from the ſurrounding luſtre by ſuch a failure 
of light as is peculiar to ſome ſpots, and ſuppoſe that it juſt 


touches the limb, it would ſtill ſubrend an angle of more than 4”. 


This being the caſe, might not a duſky ſhade, more or leſs 


remarkable, according to the darkneſs of the umbra, com- 
mencing at the limb, and reaching inwards: upon the diſk, or, 


in other words, a notch be perceived ? ? Had M. cass1ni's ſpot | 
been a very ſhallow excavation, it appears by cafe fourth, for- 
merly ſtated; that when viewed in this aſpect, ſome ſmall part 


of the nucleus might have been yet viſible, and might have 
contributed along itli the ſhade of the fartheſt umbra, and 


the ſtill deeper and broader ſhade of the two ends of the e - 


to mark out the indentation.” -_ * 
Should it be ſaid, that theſe” notches are —— Aſtin jet 
black impreſſions on the diſk, of an obvious breadth, and ori- 


ginating entirely from the opaque: nucleus conceived as ſome- 
thing: 


2 
It is moſt true, that if we look for any thing like this; when 
Peg plane which coincides with the external boundary of the 
pot paſſes through the eye (the way that M. pz EA LAND 
conſiders the matter, vide his fig: gth) it muſt be very large 
indeed before the diſk ebuld be percetved deficient by any dark 
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5 * Dres eren 
thing prominent above the general ſurface, this can be ſhewn 
-inconſiſtent with ſome circumſtances we find accidentally men- 
tioned it the eaſe of M. DE LA HA s ſpot: for of this great 
one, it is ſaid, that when only? 8”. diſtant from the · limb, the 
nucleus as ſeen as a. very narrow line. This was on June 5 
1703, at fix 6 clock in · the morning. Now, foraſmuch as, at 
that time, its alledged elevation muſt have been: to its apparent 
fubtenſe, very nearly, as radius to coſme of that arch of the 

fun's circumference whoſe verſed ine was the 8“ of diſtance 
from limb, it is ãmpoſſible that ts breadth could have increaſed 
ſenſibly in ĩts further progreſs towards the limb; and how 
any obvious black notch could be produced by the elevation T 
. contended for in this caſe, is not conceivable. 

1 do not imagine, therefore, that the phenomena of . 
In the diſk, ſo inconſiderable and dubious as theſe ſeem to be, 
are by any means a proof of projecting nuclei, or that they 
are not reconcileable to ſpots being depreſſions in the ſun. A 
large ſhallow excavation, with the floping fides or umbra 
darker than common, may, as has been ſhewn, be more or 
leſs perceptible at the limb: and what, perhaps, is a further 
confirmation of this, and ſeems. to evince that a concurrence of 
ſuch circumſtances is neceflary, is, that ſometimes even large 
ſpots make no indentation. M. cAssIN1, in Mem. Acad. tom. 
N. p. 581. deſcribes the great ſpot of -1676, which he ſaw at 
its entrance with a teleſcope of 35 feet, as an obſcure line 
parallel to the limb, but no where mentions that it made a 
notch in it. 

Though we now and then ſee the „* umbra darker 
than at other times, yet when ſpots are deep, and the umbræ 
but little duſky, it is indeed impoſſible that we ſhould fee any 
thing of them, even though large, very near the limb: for 
Here even the nucleus which lies buried cannot in the leaſt 
6 coutri- 
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eines _ . ee ribs.” _—_ > 
A contribute to the effect, as it may do's little biſeherſts ſtate of 
evaneſcence when ſpots are very ſhallow: accordmply 'Caſes of 
this kind are perfectly agreeable to experience: This fact ſeems - 
to have: met SCHEFNER- as a ſtambling-block, when he was 
intent upon bringing forward every poſſible argument for the 
ſpots being ſomething which project beyond the ſurface: Non 
raro contingit, ſays he, Roſa Urſina, p. 511. 4 ut magnæ 
« ſolis maculæ antequam ad horizontem en, repente ita 
luce obruantur, ut omnino videri nequeant.“ | 
In reaſoning concerning the nature of the ſpots, and benz 
cularly about their third dimenſion, the only arguments which 
are admiſfible, and which carry with them a perfect conviction, 
are thoſe grounded upon the principles of optical projection. 
If, for example, by far the greater number of them be excava- 
tions, ſome thouſands of miles deep, certain changes of :the 
vmbra would be obſervable when near the limb, as has been 
ſhewn at ſo much length. Were they very ſhallow, or quite 
ſuperficial, both ſides of the umbra would as to ſenſe contract 
alike in their progreſs toward the limb: for if in caſe 4th, 
above ſtated, the ſpot had been ſuppoſed ſuperficial, the appa- 
rent breadth of the fide. of the umbra next the center of. the 
diſk, would have then been only 1''.62, and that of the ſide 
oppoſite 19.27. Now, the whole of either of theſe quantities, 
and much more their difference, would be quite inſenſible. 
Again, if the nucleus extended mueh above the common level 
whilſt the ſurrounding umbra. was ſuperficial, we ſhould 
behold manifeſt indications of this by ſuch an opaque body 
when ſeen very obliquely being projected acroſs the fartheſt 
fide of the umbra, and by hiding the whole or part of it be- 
fore the time it would otherways diſappear. According to this 
or that condition of the ſpot, ſuch things muſt infallibly obtain 
_— wal 
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aw. 8 WER : 
by the Known laws of vifion; and hetice arguments reſting 
upon ſuch principles may be denominated optical ones. On 
the other hand, when ſpots are contemplated near the middle 
of the difk, a great variety of changes are obſerved in them, 
which depend not upon poſition, but upon certain phyſical 
cauſes producing real alterations in their form and dimenſions, | 
It is plain, that arguments derived from the couſideration of 
| ſuch changes, and which, on that account, may be called 
phyfical arguments, can aſſiſt us but little in inveſtigating their 
third dimenſions; and, from the nature of the thing, muſt 
be liable to great uncertainty. The author of the Memoire, 
in p. 51 1. &c. takes new ground, and proceeds with a num- | 
ber of objections, depending upon that ſort of reaſoning. which 
we have laſt defined. I muſt take notice, that a certain diſtinc- 
| tion has been here overlooked, which in my paper I endea- 
voured to point out. Preſuming upon our great ignorance of 
many things which. doubtleſs. affect deeply the conſtitution of 
that wonderful body the ſun, I offered, in part II. an account 
of the production changes and decay of the ſpots, conſi- 
dered as excavations, in the moſt loaſe and problematical man- 
ner, ſtating every thing on this head in the form of queries. 
This account, crude and imperfect as it is, appeared to me 
much leſs incumbered with difficulties than any other, and of 
this ſome ſtriking examples are there ſet before the reader. But 
I have expreſsly owned, that many circumſtances ſtill remained 
unexplained ; and upon the whole marked out the theory, if 
ſuch it may be called, as very imperfect. Nature unqueſtiona- 
| bly! abounds with | numberleſs unthought-of energies, and 
modes of. working moſt curiouſly and moſt wiſely adapted to 
all ſituations in the material world: and in regard to that 
ſyſtem of economy which 1s eſtabliſhed 1 in the ſun, producing 
5 there 
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Olfetion of I. dn la 14808. 1h 
| thers ſuch/a-Rrange fluctuation of appearances, human reaſon, 
even when-afpiring bythe moſt enlarged analogy, muſt recoil 
under a couſciouſneſs of the unfathomable reſources of natu re, 
and of its own dark and limited ſphere. 45 Demiraberis qui- 
« dem ſine dubio (ſays nevsLIvs, ſpeaking of the Sun, Co- 
metographia, p. 41 2.) % quod tam brevi tempore, ſpatio ali 
% quot dierum, quin horarum, adeo. miris et horribilibus ſub- 
« jiciantur mutationibus, ac viciflitudinibus!” 
Hence I would: remark, that whatever inconſiſtencies are 
imagined in the account I have delivered in part Il. though ſuch 
may be juſtly chargeable upon certain principles t there aſſumed, 
yet they ought not to be ſtated as preſum ptions againſt the 
ſpots being really excavatiens or depreſſions in the luminous 
| matter of the ſan. This opinion muſt reſt entirely upon the 
| evidence held forth in the firſt part of the paper, whate 
ever be the fate of the account laid down in the ſecond. It 
| does not enter there as an hypotheſis, but as a matter of fact, 
previouſly eſtabliſhed by optical arguments; and from optical 
arguments alone can there ariſe even any juſt preſumptions 
againſt it. The lameneſs of the views given in part II. may 
probably proceed, as we have ſaid, from our very imperfect 
knowledge of the vaſt range of phyfical cauſes which obtain 
in the univerſe. But whatever be their defects, no doubts 
ought to ariſe, upon ſuch grounds, of the ſpots bein g them- 
ſelves whatt dire& obſervation declares them, namely, excava- 
bons in the ſun. Whether their firſt production and fubſe- 
quent numberleſs changes depend upon the eructation of elaſtic 
Yapour from below, or upon eddies or whirl-pools commencing 
at the ſurface, or upon the diffolving ef the luminous matter 
in the ſolar atmoſphere, as clouds are melted and again given 
out by our air; or, if the reader pleaſes, upon the annihilation 
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reproduction of parts of this reſplendent covering ; is left 

5 for theory to gueſs at. 'Though, however, many difficulie 
Mould occur in an attempt of this kind, it would certainly 
be unreaſonable off that account to call in queſtiom the third 
dimenſion of the ſpots, as previouſly determined by arguments 
which are liable to no fallacy, and which. are uneonnected with 
every kind of theoretical reaſoning. 
Now, in the Memoire before me, this fort of Aſlinction has 
eſcaped the notice of the author. His optieal arguments, indeed, 
as they regard the farſt part of my eſſay, put on a Juſt and proper 
claim to be heared, and have now, as we conceive, been fully 
anſwered. But ſuperadded to theſe are many others, which, 
though they relate very properly to the view I have given in 
part II. and to that alone, yet finally are ſummed up along 
with the reſt, as not only militating ſtrongly againſt that parti- 
cular view, bur in order to diſprove that the ſpots ape excaua- 
tions in the lummous matter. 
here think it but juſtice to that bnd l of Gen- 
tlemen who, in the year 1774, compoſed: the Council of the 
Royal Society, or the Committee of Papers, to mention, that 
the publication of the ſecond part of mine was more owing 
to their having conſented to my requeſt, than to their own ſen- 
timents in regard to the fitneſs of fo deing. But as I had be- 
ſtowed ſome pains upon drawing up theſe views, and as care 
had alſo been taken to diſtinguiſh between fact. and any thing 
like to theory, and as the latter was propounded only in the 
| form of queries, there appeared to me no harm in letting that 
ſecond part go forth alſo; ef] pecially as I flattered myſelf, that 
thereby a greater curiofity would have been excited, and the 
ſubject of courſe fooner inquired into-by obſervation, 
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| Ojettions of M. 2 DELLA nant. 76g 
Is H conerive k, however, of ſome importance to have the 
Aüm ion above treated of perfectly underſtood in future, I 
now purpoſely avoid entering upon any theoretical ground 

whatever. My with therefore is, that the author of the Me- 


moire may aoquit me of every thing not perfectly reſpectful, 
though 1 do not follow him through that train of objection 
founded upon vague and incompetent phyſical arguments, 


as which · is to be met with in p. 511. &c. By further conſidering 
d, the particulars hinted at in p. 21. and 29. of my paper, ſeveral 
er difficulties, perhaps, may be removed; but we forbear any 
ly Muſtration of this kind, chiefly to evince how little we concern 
n, ourſelves whether the views delivered in part II, can ſand, of 


themſelves or not. 'Thoſe who do not like the principles there 
aſſumed, or the concluſions drawn from them; in ſhort, thoſe 
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if they pleaſe, mend it, or contrive a new and a better one of 
their own. But ſo long as they cannot, by irrefragable opti · 
cal arguments, ſet aſide the induction laid down in part L we 
muſt demand of them, ſo to fabricate their theories as to ac- 
count for the various circumſtances of the ſpots, conſidered as 
things which potleſs three dimenſions, vix. length, breadth, 
and depth, or, in other words, as excavations in the luminous 
matter of the ſun. Son, 
This fact is the only one I am ſolicitous to maintain or to 
contend for ; and for a very good reaſon, becauſe I conſider it 
as actually demonſtrated by competent obſervations. As ſuch, 
to indulge for a moment in a figure, it would be a pity not to 
reſcue it from being drawn into the eddy of ſome treacherous 
theory, the nature of all which is to ſweep into their vortex 
and finally to precipitate to the bottom every thing hh 


obſtrudts their impetuous career. 19728; 
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who will call part II. a theory, and who think it a bad one, may, 
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Sir AK NRW TR, | perceiving too well this — to 
fyſtem; has laid: down his Burch rule of philoſophizing, that 
arguments of induction may nat be evaded by hypotheſis. I; * 
N will, become us, therefore, in all things, and in the preſent 
ſubject in particular, to have refpe@ to ſo excellent a precept. 
In ſpeaking hereafter of the ſolar ſpots, let us ſeparate what 
things claim to be heard as matters of fact from what reſt 
upon the ſandy foundations of mere theory, and no donger 
confound them Together. Win '1 
Simce upon this topic, F bambly we the ane of the 
reader whilſt I advert to a certain abuſe of terms, which is but 
too. prevalent i in books of philoſophy, both in our own country 
and upon the continent. What I have to ſay relates to this 
word: hypotheſis. {665 Quicquid — non deducitur ex phæno- 
. menis bypotheſis vocanda eft,” are the words of Sir Is AA 
'#EWToN in his general — - And yet real diſcoveries, 
founded upon the beſt induction, are ſometimes mentioned by 
the appellation of ſuch and ſuch a one's hypotheſis. I have 
often thought, that this impropriety of language owes its con- 
nuance to the force of cuſtom, and that it is one of thoſe 
badges we ſtill retain of that diſgraceful ſtate philoſophy lay 
under before the era of experiment and obſervation, when 
almoſt every thing was N sand . both in name 
and in reality. 81 
Moſt kind of Mpeg na true _hiloſophy with < 
unfriendly an aſpect, that we ſhould be careful at leaſt not to 
contaminate matter of fact and certain truth with ſo inauſpi- 
chous a denomination. I would alſe remark; that none which 
do'not carry with them great marks of probability ſhould be 
brought into view, even in the way of hints or queries, for 


uggettng further experiments and obſervations; and that far 
3 leſs 
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Objections of. M. NE LA LANDE. 


kſs ought ſyſtems, built upon notions evidently i incongruovs, | 
to have a place in any modern book of philoſophy. This has a 
rendency ſtill to favour that devious path, that falſe taſle, which | 
it concerns philoſophy ſo much to guard againſt and to dif- 
courage. ; 

It remains now only to al a few ſtrictures upon M. vs LA 
| LANDE'S theory of the ſolar ſpots, humbly ſubmitting them to 
the conſideration of the reader. The import of it is, © that the 
4 ſpots as phenomena ariſe from dark bodies like rocks, which 
« by an alternate flux and reflux of the liquid igneous matter 
« of the ſun, ſometimes raiſe their heads above the general ſur- 
4 face. That part of the opaque rock, which at any time thus 
« ſtands above, gives the appearance of the nucleus, whilſt 
« thoſe parts, which 1 in each lie only a little under 1 igneous 
matter, appear to us as the ſurrounding umbra.“ 5 
In the firſt place it may be remarked, that the whole : 
« proceeds upon mere ſuppoſition.” This, indeed, the au- 
thor himſelf very readily acknowledges. Though, there- 
fore, it could not be diſputed by arguments derived from 
obſervation, yet conjecture of any kind, if equally plau- 
fible, might fitly be employed to ſet aſide its credit. Chooſing, 
however, to avoid a tedious diſcuſſion of this kind, or to try it 
upon the phenomena which are enumerated in p. 511. &c. by 
entering into arbitrary and diſputable principles, we ſhall con- 
fine ourſelves to ſuch particulars as appertain to the more ob- 

nous character of the ſpots, and which alſo ſeem to be irre- 
concileable with the theory ; and firſt of all, in regar@ to the 
uſtinguiſhing features of the umbra. 
N. cAssIxI, Mem. Acad. tom. X. p. 582 plate 7 and M. 
DE LA HIRE, Mem. Acad. 1703, p. 16. and I may add all 


other obſervers, and all | fame of the ſpots, bear 
teſti· 


466 8 Dr. WILSON" 80 Anfever fo the | 


teſtimony to the exterior boundary of the umbra being always 
well defined, and to the umbra itſelf being leſs and leſs ſhady 
the nearer it comes to the nucleus. Now it may be aſked, 
how this could - poflibly be according to M. DE LA Lanpe's 
theory ? If the umbra be occaſioned by our ſeeing parts of the 
opaque rock, wich lie a little under the ſurface of the 1 igneous 
matter, ſhould it not always be darkeſt next the nucleus, and 
from the nucleus outward ſhould it not wax more and more 
bright, and at laſt loſe itſelf 3 in the general luſtre of the ſun' $ 
ſurface, and not terminate all at once at the darkeſt ſhade, as in 
fact it does ? Theſe few incongruities, which meet us as it were 
in the very threſhold of the theory, are ſo very palpable, that of 
themſelves they raiſe unſurmeuntable doubts. For, generally 
ſpeaking, the umbra immediately contiguous to the nucleus, in- 
ſtead of being very dark, as it ought to be, from our ſeein g the 
immerſed parts of the. opaque rock through a thin ſtratum of 
the igneous matter, is on the contrary very * of the ſame 
ſplendour as the external ſurface. 
Concerning the nucleus, or that part of the opaque rock 
Which ſtands above the ſurface of the ſun, M. Ds LA LANDE 
4. produces no optical arguments in ſupport of this third dimen- 
ſion or height. Neither does he ſay any thing particular as to 
the degree of elevation above the ſurface. But from what has 
been already hinted in che courſe of this paper, it appears, that 
if this were any thing ſenſible, it ought to be diſcovered by 
phenomena very oppoſite to thoſe which we have found to be ſo 
general. 
Again, a flux and reflux of -the i igneous matter ſo confidera- 
ble as ſometimes to produce a great number of ſpots all over 
the middle zone, might affect the apparent diameter of the 


ſun, making that which paſſes through his equator leſs than 
the 
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' Objeftions of M. DE LA LANDE. * 167 
tho polar one, by che retreat of the 1gneous matter towards 
thoſe regions where no ſpots ever appear. But as a difference of 
this kind of nearly a thouſandth part of the whole would be 
perceivable, as we learn from M. pe LA LanDE's own ob- 
ſervations, compared with thoſe of Mr. smorT, in Hiſtoire 
Acad. 1760, p. 123. it would ſeem, that the theory had alſo 
this difficulty to combat. Further, when among ſpots very 
near one another, ſome are obſerved to be increaſing, whilſt 
others are diminiſhing, how is it poſſible that this can be the 
effect of ſuch a ſuppoſed flux and reflux? This laſt incon- 
fiſtency 1s mentioned by the author himſelf, who endeavours to 
avoid it, by making a new demand upon the general fund of 
hypotheſis, deriving from therice ſuch qualities of the igneous. 
matter as the caſe ſeems to require; and ſuch muſt be the me- 
thod of proceeding in all ſyſtems merely theoretical. 

But it is unneceſſary to purſue at more length illufive ſpecula- 
tions of this kind, eſpecially as we lie under a conviction, 
| founded upon fact, of the theory being utterly erroneous, It 

hardly differs in any reſpect from that. propoſed by M. ve LA 
Hi, and a little amended by the writer of the Hiſtoire de 
L Acad. ſor 170%, p. 111. This near agreement, indeed, is 
taken notice of by M. De LA LANDE himſelf, in his excellent 
aſtronomy. . 
The writer of the Hiftoire-de LAcad. for 1719, p. 76. after 
reviewing the merits of this theory, and comparing it with 
ſeveral phenomena of the ſpots which had been obſerved for the 
four preceeding years, pronounces it unſatisfactory, and con- 
cludes. his remarks. with the following expreſſion :. © Il ſera. 
plus naturel de croire qu'il ſe faſſe dans le ſoleil des genera- 
© tions nouvelles, dependantes de quelque cauſe plus ou moins 


e forte ſelon les circonſtances inconnues ou elle ſe trouvera.”” 
Views, 
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58 | Dr. Miche Adee, fo ah heb, Wo. -; 
Views, much of the ſame kind, were even entertained: by. 
ſome ſo long ago'as the days of scHzINER, as we find ment 
tioned by that indefatigable author i in his Roſa Urſina, p. 746 
« Non equidem me latebat, lays he, non deeſſe, qui putany 
Ka maculas ſolares eſſe quaſdam in ſole prominentias et velul 
4 montes; ſed cum hæc ex anticipata mentis affectione, 
4 4 phænomenique folaris ignoratione procedant neglexi.“ Aud 
further on he adds: Aſtronomi ſinceri eſt phænomenon ſequi 
* non antevertere: veritatem ex objecto accurate obſervatoy 
46 non n objectum invitum ad arbitraria figmenta trahere.” 208 
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NM. An Account of the Earthquakes wvhith happened in Italy, 
| from February 1 May 1783. by Sir William Hamilton. 
Knight of the Bath, F. R. 8.3 in 4 mu 40 Lr en 
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I brethicen of the Royal Society, ſome little idea of the in- 
Gnite damage done, and of the various phenomena exhibited; 
by the earthquakes (which began the 5th of February laſt; 
and continue to be ſenſibly, though lefs violently, felt to this 
day) in the two Calabrias, at Meſſina, and in the parts of 
Sicily neareſt to the continent. From the moſt authentic re · 
ports, and accounts received at the offices of his Sicilian Ma- 
jeſty's ſecretary of ſtate, we gathered in general, that the part 
of Calabria, which has been moſt affected by this heavy cala- 
mity, is that which is comprehended between the 38th and 
and 39th degree, that the greateſt; forte of the earthquakes 
ſeemed to have exerted itſelf from the foot of thoſe mountains 
of the Apennines called the Monte Deio, Monte Sacro, and 
Monte Caulone, extending weſtward to the Tyrrene ſea; that. 
the towns, villages, and farm - houſes, neareſt theſe mountains, 
ſituated either on hills or in the plain, were totally ruined by 
the firſt ſhock of tho 5th of February about noon:; and that the 
Vol., LXXHI. Z _ greateſt 
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irregular and furious guſts of wind ; that from all theſe cauſes 
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and villages were at a greater diſtance from this center, the da- 
mage they received was leſs conſiderable; but that even thoſe 


more diſtant towns had been greatly damaged by the ſubſe. 
quent ſhocks of the earthquake, and eſpecially by thoſe of the 


=th, the 26th, and 28th of February, and that of the 1ſt of 
March; that from the firſt ſhock, the 5th of February, the 


earth continued to be in a continual tremor, more or leſs; and 


that the ſhocks were more ſenſibly felt at times in ſome parts 
of the afflicted provinces. than 1 in others; that the motion of 


the earth had been various, and, according to the Italian deno- 


| mination, vorticoſo, orizontale, and eſcillatorio, either whirlin g 
like a vortex horizontal, or by pulſations, or beatings from the 
bottom upwards; that this variety of motion had increaſed the 


apprebenſions of the unfortunate inhabitants of thoſe parts, 


| who expected every moment that the earth would open under 


their feet, and ſwallow them up; that the rains had been 
continual and violent, often accompained with lightning and 


the face of the earth of that part of Calabria (comprehended 
as abovementioned between the 38th and '39th degrees) was 
entirely altered, particularly on the . weſtward fide of the 


mountains above named; that many openings and cracks had 


been made in thoſe parts; that ſome hills had been lowered, 


and others quite levelled; that in the plains, deep chaſms had 


been made, by which many roads were rendered impaſſable; 
that huge mountains had been ſplit aſunder, and parts of them 


driven to a conſiderable diſtance ; that deep vallies had been 


filled up by the mountains (which formed thoſe vallics) having 


been detached by the violence of the earthquakes, and joined 
topether ; that the courſe of ſome rivers had been altered; 
2 7-4: 
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be Barebjionar . Telly in 4:84; — hi" 
that nary 3 of water had appeared iu places that were 
perfectly dry before; and that in other parts, ſptings that had 
been conſtant had totally diſappeated; that near Laureana 


in Calabria Ultra, a ſingular phenomenon had been produced, 
that the ſurface of two whole tenements, with large olive and 


mulberry-trees therein, ſituated in a valley perfectly level, had 


been detached by the earthquake, and tranſplanted, the trees | 


ſtill remaining in their places, to the diſtance of about a mile 
from their firſt fituations ; and that from the ſpot on which 


they formerly ſtood hot water had ſprung up to a conſiderable 


height, mixed with ſand of a ferruginous nature; that near 
this place alſo ſome countrymen and ſhepherds had been ſwal- 


lowed up with their teams of oxen and their flocks of goats 


and ſheep ; in ſhort, that beginning from the city of Amantea, 
ſituated on the coaſt of the Tyrrene ſea in Calabria Citra, and 


going along the weſtward coaſt to Cape Spartivento in Calabria 


Ultra, and then up the eaſtern coaſt as far as the Cape d' Alice 


(a part of Calabria Citra on the Ionian ſea), there is not a town 
or village, either on the coaſt or land, but what is either totally 


deſtroyed, or has ſuffered more or leſs, amounting in all to 


near four hundred, what are Called here Paeſes; a village con- 


taining leſs than an hundred inhabitants is not counted as a 


Paeſe. 
The greateſt mortality fell upon thoſe towns and countries 


ſituated in the plain on the weſtern fide of the mountains 


Dejo, Sacro, and Caulone. At Caſal Nuovo, the Princeſs 


Gerace, and upwards of 4000 of the inhabitants, loft their 
Ives; at Bagnara, the number of dead amounts to 3017 


Radicina and Palmi count their loſs at about 3000 each; Terra- 
nuova about 1400; Seminari ſtill more. The ſum total of the 


mortality i in both Calabrias and in Sicily, by the earthquakes | 
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alone, according to, the, returns in the: ſecretary o danse office> | 
at Naples, is 32367 f but I have good reaſon to believe that, 
including ſtrangers, the number of lives loft. muſt have been 
: ably, greater, 40,000. at * * be allowed, db 
belicve, without auy exaggeration... 1 | 
| From the ſamo office inte lſi n ve \ Rkevi ban * 
mhabitants of Scilla. on the firſt ſhock of the earthquake, the 
| 3th of February, had eſcaped from their houtes- on the rock, 
. and, following the example of their prince, taken ſhelter on the 
14 ſea- ſhore; but that in the night- time the ſame ſhock, which 
ad raiſed- and agitated the ſea ſo; violently, and done fo much 
& damage ou the point of the Fate of Meſſina, had acted with 
ſtill greater viglence there, for that the wave (which was rer 
_ preſented to have hee boiling hot, and that many people had. 
been ſcalded by its. riſing to a great height) went furiouſly three 
miles inland, and ſwept aff in its return 2473 of the inhabi- 
tants of Silla, with the prince at their head, who were at 
' that time ide on the Seilla Strand, or in boats near the 
ſhore... 5 5 
All accounts nk; that- of the number of ſhocks whichs 
have been felt ſince the beginning of this formidable earth- 
quake, amounting to. ſome hundreds, the moſt violent, and of 
the longeſt duration, were thoſe of the 5th of E ebruary at 
191 (according to the Italian way of counting the hours); of = 
the 6th. of February, at 7 hours in the night; of the 27th of 
February, at 114 in the morning; of the firſt of March, at 
84 in the night; and that of the 28th of March, at 11 in the 
night. It was this laſt ſhock that affected moſt the upper part 
of Calabria Ultra, and the lower part of the Citra, an authen- 


4 | | , » . . . . . | 
17 tic deſcription of which you will ſee hereafter, in a, letter which 
I. received from the Marquis Ippolito, an aceurate obſerver 
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wefiding : at — in the upper Calabria. The firſt and the 
laſt ſhocks muſt have been tremendous indeed, and N theſe 
two were ſenſibly felt in this capital. | n 
The accounts which this government has e Groth the 
province of Coſenza, are lefs melancholy than thoſe from the 
province of Calabria Ultra. From Cape Suvero to the Cape of 
Cetraro on the weſtern coaſt, the inland countries, as well 45. 
thoſe on the coaſt, are ſaid to have ſuffered more or leſs in pro- 
portion to their proximity to the ſuppoſed center of the earth" 
. quakes; and it has been conſtantly obſerved, that its greateſt 
violence has been exerted, and alk continues to be ſo, on the 
weſtern ſide of the Appennines, preciſely the celebrated Sila of 
the ancient Brutii, and that all thoſe countries fituated to the- 
eaſtward of the Sila had felt the ſhocks of the earthquake, but 
without having received any damage fron: them.. In the pro- 
vince of Coſenza there does not appear to be above 100 lives- 
loſt. In the laſt accounts from the moſt afflicted part of Cala- 
bria Ultra, two ſingular phenomena are mentioned. At about 
the diſtance of three miles from the ruined city of Oppido, 
there was a hill (the ſoil of which is à ſandy clay) about 00 
palms high, and 1300 in circumference at its baſis. It was ſaic, 
that this hill, by the ſhock of the 5th of February, jumped to the- 
diſtance of about four miles from the ſpot where it ſtood into- 
ga plain called the Campo di Baffano. At the ſame time the hill 
= on which the town of Qppido ſtood, which extended about 
three miles, divided i in two, and as its ſituation was between 
two rivers, its ruins filled up the valley, and ſtopped the 
courſe of thoſe rivers; two great lakes are already formed, 
and are daily inereaſing, which lakes, if means are not found 
to drain them, and give the rivers their due courſe, in a thort 
tune muſt infect the air greatly. 
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of Mina, by the ſhock of. the th of — r of the 
remaining parts by the ſubſequent ones; that the kay in the 
port had ſunk conſiderably, aud was in. ſome places a palm and 
a half under water; - that the ſuperb building, called the Pa- 
lazzata, which gave the port a more magnificent appearance 
than auy port ĩu Europe can boaſt of, had been en tirely ruined : 
| that the Lazaret had been greatly damaged; but that the cita- 
del had ſuffered: little; - that the mother church had fallen; in 
ſbort, that Meſſina was no more that the tower at the point 
of the entrance of the Faro was half deſtroyed; and that the 
ſame hot wave, that had done ſuch miſchief at Scilla, had paſſed 
over the point of land at the Faro, and carried off about 24 
people. The viceroy of Sicily likewiſe gave an account of 
ſome damage done by the earthquakes, but nothing conſide- 
rable, at Melazzo, Patti, Terra di Santa > Lucia, Caſtro _ 2 
and | in the if Hand of Lipari. 
This, Sir, was the intelligence I was poſſeſſed of the 
end of laſt month; but as I am particularly curious, as 
vou know, on the fubject of volcanoes, and was perſuaded 
in my own. mind (from the preſent earthquakes being 
- confined to one ſpot) that ſome great chemical operation 
of nature of the volcanic ſort was the real cauſe of them; in 
| order to clear up many points, and to come at truth, which 
you alſo. well know, Sir, is exceedingly difficult, I took the 
ſudden reſolution to employ about twenty days (which was as 
much as I could allow, and have time to. be out of Italy, in 
my way home, before the heats ſet in) in making the tour of 
ſuch parts of Calabria Ultra and Sicily as had been, and were 
Kill, moſt affected by the earthquakes, and examining with 
my own eyes the phenomena above mentioned. I accordingly 
hired 
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the Earthqua an iy fo af —_*-; 7 
hired for, that quepoſs' Aa. Malteſe! Speronara for myſelf, und a 
Neapolitan Felucca for my ſervants, and left Naples the 24 
of May. I was furniſhed, by command of his Sicilian Ma- 
jeſty, with ample paſſports, and orders to the commanding = 
officers of the different provinces- to give me every afiſtance 
and protection in the purſuit of my object. I had a pleaſaut 
voyage in my Malteſe Speronara (which are excellent boats, 
and the boatmen very ſkilful) along the Coaſt of the Princi- 
pato Citra and Calabria. Citra, after having paſſed the gulph of 
Policaſtro. At Cedraro 1 found the firſt ſymptoms of the 
earthquake, ſome of the principal inhabitants of that city 
having quitted their houſes, and living in new erected barracks, 
though not a houſe. in the whole town, as J could fee, had 
| ſuffered. At St. Lucido I perceived that the baron's palace and 
the church ſtceple had ſuffered, and that moſt of the inhabi- 
tants were in barracks. The barracks are juſt- ſuch ſort of 
buildings as the booths of our country fairs, though indeed 
many I have ſeen-are more like our pig - ſtyes. As my object 
was to get as faſt as poſſible to the center of the miſchief, 
having. little time, and much to ſee, . I: contented-myſelf' with a 
diſtant view. of Maida, Nicaſtro,. and Santo Eufemia,' and 
puſhed on to the town of Pizzo in Calabria Ultra, where 1 
landed on the evening of the 6th of May. This town, ſituated 
on the ſea, and on a volcanic. tuffa *, had been greatly damaged 
by the earthquake of the 5th of February, but was completely 
ruined by that of the 28th of March. As the inhabitants of 
this town (amounting to about 5000) had ſufficient warning, 
and had left their houſes, and taken to barracks on the firſt 
ſhock the 5th of February, the mortality on the 28th of 


* This was the only token of former n exploſions that I met with in 
Calabria, | 
| March 


134 Sir WILLIAM HAMILTON! 8 Account of 
From Sieily the accounts of the moſt ſerious nature were 
choſe of the deſtruction of the greateſt part of the noble city 
of Meſſina, by the ſhock of the 5th of February, and of the 
remaining parts by the ſubſequent ones: —that the kay in the 
port had ſunk conſiderably, aud was in ſome places a palm and 
a half under water; — that the ſuperb building, called the Pa- 
lazzata, which gave the port a More magnificent appearance 
than auy port iu Europe can boaſt of, had been entirely ruined- 
that the Lazaret had been greatly damaged; but that the cita- 
del had ſuffered little; ;—that the mother church had fallen; in 
ſbort, that Meſſina was no more; — that the tower at the point 
of the entrance of the Faro was half deſtroyed; and that the 
ſame hot wave, that had done ſuch miſchief at Scilla, had paſſed 
over the point of land at the Faro, and carried off about 24 
people. The viceroy of Sicily likewiſe gave an account of 
ſome damage done by the earthquakes, but nothing conſide- 
rable, at Melazzo, Patti, Terra di Santa ** Caſtro * 
and in the ifland of 1 
This, Sir, was the intelligence 1 was poſſeſſed of the 
4 of laſt month; but as I am particularly curious, as 
you know, on the ſubject of volcanoes, and was perſuaded 
in my own mind (from the preſent earthquakes being 
confined to one ſpot) that ſome great chemical operation 5 
of nature of the volcanic ſort was the real cauſe of them; in 
order to clear up many points, and to come at truth, which 
you alſo well know, Sir, is exceedingly difficult, I took the 
ſudden reſolution to employ about twenty days (which was as 
much as I could allow, and have time to. be out of Italy, in 
my way home, before the heats ſet in) in making the tour of 
ſuch parts of Calabria Ultra and Sicily as had been, and were 
ſtill, moſt affected by the earthquakes, and. examining with 
my own eyes the phenomena above mentioned. I accordingly 
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hired for. chat purpoſe a Malteſe Speronara for myſen, anda 
Neapolitan Felucca for my ſervants, and left Naples the 24 
of May. I was furniſhed, by command of his Sicilian Ma- 


officers of the different provinces to give me every affiſtance 
and protection in the purſuit of my object. I had a pleaſant 
voyage in my Malteſe Speronara (which are excellent boats, 
and the boatmen very ſkilful) along the Coaſt of the Princi- 
pato Citra and Calabria. Citra, after having paſſed the gulph of 
Policaſtro. At Cedraro 1 found the firſt ſymptoms of the 
earthquake, ſome of the principal inhabitants of that city 
having quitted their houſes, and living in new erected barracks, 
though not a houſe in the whole town, as J could ſee, had 
ſuffered. At St. Lucido I perceived that the baron's palace and 
the church ſteeple had ſuffered, and that moſt of the inhabi- 
tants were in barracks. The barracks are juſt ſuch ſort of 
buildings- as the booths of our country fairs, though indeed 
many I have ſeen are more like our pig-ſtyes.. As my object 
was to get as faſt as poſſible to the center of the miſchief, 
having, little time, and much to ſee, .I:contented-myſelf' with a 
diſtant view. of Maida, Nicaſtro,. and Santo Eufemia,' and 
puſhed on to the town of Pizzo in Calabria Ultra, where I 


S landed-on the evening of the 6th of May. This town, ſituated 


on the ſea, and on a volcanic. guffa *,. had been greatly damaged 
by the earthquake of. the 5th of ann but was completely 
ruined by that of the 28th of March. As the inhabitants of 
this town (amounting to about 000) had ſufficient: warning, 
and had left their houſes, and taken to barracks on the firſt 


| ſhock the 5th of February, the. mortality on the 28th * 


This was the only token of former volcanic exploſions that I met with in 
Calabria, | ; ; 


- Mah 


jeſty, with ample paſſports, and orders to the commanding 
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March was 1nconſiderable:; but, fromithe barracks having been 
WW-confiructed, aud many ſituated ina very confined unwhols- 
ſorne ſpot, an epidemical diſorder had taken place, and carried 
off many, and was: ſtill in fatal force whilſt | was there, in 
ſpite af the wiſe endeavours of government to ſtop its pro- 
greſs. J fear, as the heats increaſe, the ſame misfortune 
will attend many ꝓarts of the unfortunate Calabria, as alſo the 
City of Meſſina. The inhabitants of Pizzo ſeemed to me to 
Have habituated themſclves already to their preſent inconve- 
ment manner of living, and ſhops of every kind were opened 
in the ſtreets of the barracks, which, except ſome few, are 
Put poorly confiruted. I was aſſured here, that the volcano 
of Stromboli, which is oppoſite, and in full view of, this 
town, and at the diſtance of about fifty miles, had fmoked 
leſs, and thrown up a leſs quantity. of inflamed matter during 
the- earthquakes than it had done for ſome years paſt ; that 
Aight ſhocks continued to be felt daily; and the night I ſlept 
here, on board the Speronara drawn en ſhore, I was awakened 
with a ſmart one, which ſeemed to lift up the bottom of the 
Saat, but it was net attended with any ſubterraneous noiſe. 
My ſervants, in the · other boat, felt the ſame. The next day! 


ordered my boats to proceed to Reggio, and I went on horſe· 
— to Menteleane, about fix miles from Pizzo, vp hill, on 4 


road of looſe ſtenes and clay, ſeareely paſſable in this ſeaſon, 
but n * moſt beautiful and fertile country I ever be- 
held:; a > garden. of olive- trees, mulberry- trees, fruit- 
trees, and vines; and under theſe trees the rieheſt crops of 
Corn or lupins, beans or other vegetables, which ſeemed: to 
thrive perfectly, though under a thick ſhade. This is the ſtile 
of the whole plain of Monteleone, except that here and there 
are vaſt woods of oak and olive-trees mixed, and the olive- 
1 trees 
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trees of fuch a ſize as I could never have ame 0 being half 
as big as the oaks themſelves, which are fine timber-trees, and 
more than treble the ſize of the olive trees of the Campagna 
Felice. The olive woods, in ſome parts of the plain, are regu- 
larly planted in lines, and in others grow irregularly. Though 
the object of my preſent journey was merely to take a haſty 
view of the ſpots which had ſuffered ſo much by the calamity, 
my attention was continually called away, and I was loſt in 
the admiration of the fertility and beauty of this rich province, 
exceeding by many degrees (as to the firſt point) every country 
I have yet ſeen. Beſides the two rich products of filk and oil, in 
which this province ſurpaſſes every other, perhaps, in the whole 
world, it abounds with corn, wine, cotton, liquorice, fruit, and 
vegetables of every kind; and if its population and induſtry kept 
pace with its fertility, the revenue of Calabria Ultra Might 


ſurely be more than doubled in a ſhort time. I ſaw whole 


groves of mulberry- trees, the owners of which told me, did 


| not let for more than five ſhillings an acre, when every acre 
would be worth at leaſt five pounds, had they hands to gatlier 
| the leaves and attend the filk-worms. The, town of Monte- 
leone, anciently Vibo Valentia; is beautifully. ſituated on a hill, 
_ overlooking the ſea and the rich plains above mentioned, bou nded 
by the Apennines, and crowned by Aſpramonte, the higheſt 
of them all, interſperſed with towns and villages, which, alas ! 
are no more than heaps of ruins. The town of Monteleone | 
ſuffered little by the firſt ſhocks of the earthquake ; but was. 
greatly damaged by that of the 28th of March (though only 
twelve lives were loſt), and all the inhabitants are reduced to 
live in barracks, many of which are well conſtructed with 
either planks or reeds, covered with plaiſter on the outſide. As 
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ibis eau vy has ever been ſubject to earthquakes, the baron 
had, uſually..a barrack near their palace, to retire to on the leaſt 
alarm of an earthquake. I inhabited here a magnificent one, 
| conbſting, of many rooms well furniſhed, which was built by 
the preſeut Duke of Monteleone's grand- father. Fowe the ſafeiy 
and the expedition of the very intereſting j journey which I have 
taken through this province to this duke's goodneſs, as he was. 
p. teaſed at Naples to furniſh me with a letrer to his agent; in 
conſequence of which, F was not only moſt hoſpitably and 
elegantly; treated i in his barrack, and ſupplied; with excellent 
fure-footed horſes for myſelf and ſervant, but alſo with two 
of his horſe- guards, well acquainted with the croſs roads of 
the country. without which it would have been impoſſible, 
with any degree of ſafety, to have viſited every. curious ſpot 
between Monteleone and Reggio, as I did; in four days. No. 
one, that has, not had the experience, can conceive the horrid: 
ſtate of the roads in Calabria, even in this ſeaſon, nor the fu- 
perior excellence of the horſes of the country. All agreed here 
that every ſhock of the earthquake ſeemed to come with a 
rumbling noiſe from the weſtward, beginning uſually with 
the horizontal motion, and ending with the vorticoſe, which 
is the motion that has ruined moſt of the buildings in this 
province. The fame obſervation I found to be a general one 
throughout this province. I found it a general obſervation alſo, 
that before a. ſhock of an earthquake, the clouds ſeemed to be 
fixed and mationleſs; and that immediately after a heavy 
ſhower of rain, a ſhock quickly followed. I ſpoke with many 
here and elſewhere, who were thrown down by. the violence 
af ſome of the ſhocks; and ſeveral peaſants in the country told 
me, that the motion of the earth was fo violent, that the 


heads 
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7 of the largeſt trees almoſt touched the ground from fide 
to fide; that during a ſhock, oxen and horſes extended their 
legs wide aſunder not to be thrown down, and that they gave 
evident figns of being ſenſible of the approach of each ſhock. 
I myſelf obſerved, that in the parts that have ſuffered moſt by 
the earthquakes, the braying of an aſs, the neighing of a 
horſe, or the cackling of a gooſe, always drove people out of 


their barracks, and was the occaſion of many pater-noſters and 
ave-marias being repeated in expectation of a ſhock. From 
Monteleone I deſcended into the plain, having paſſed through 
many towns and villages which had been more or leſs ruined 
according to their vicinity to the plain. The town 'of Mileto, 
ſituated in a bottom, I ſaw was totally deſtroyed, and not a 
| houſe ſtanding. At ſome diſtance I ſaw Soriano and the noble 
Dominican convent a heap of ruins; but as my object was 
not to viſit ruins, but the greater phenomena produced by the 
earthquakes, I went on to Roſarno. I muſt, however, firſt 
mention the moſt remarkable inſtance I met with of animals 
being able to live long without food, of which there have 
been many examples during theſe preſent earthquakes. At 
Soriano two fattened hogs, that had remained buried under a 
| heap of ruins, were taken out alive the forty-ſecond day; they 
were lean and weak, but foon recovered. One of his Sicilian 
majeſty's engineers, who was preſent at the taking them out, 
; gave me this information. It was evident to me, in this day's 
journey, that all habitations ſituated on high grounds, the ſoil 
of which is a gritty ſand ſtone, ſomewhat like a granite, but 
without the conſiſtence, had ſuffered leſs than thoſe ſituated in 
the plain, which are univerſally levelled to the ground. The 
15 of the plain is a ſandy clay, white, red, or brown; but 
A a 2 | the 


bere, who was preſent, and was covered with the water and 
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the white prevails moſt, and is full of marine ſhells, particu» 
larly ſcollop ſhells. This valley of clay i is interſected in many 
parts by rivers and torrents coming from the mountains, 
which have produced wide and deep ravines all over the coun- 
try. Soon after we had pafled through the ruined town of St. 
Pietro, we had a diſtant view of Sicily, and the ſummit of 
Mount Etna, which ſmoked conſiderably. Juſt before we arrived 
at Roſarno, near a ford of the river Mamella we paſſed over 
9 ſwampy plain, in many parts of which I was ſhewn finall 
hollows in the earth, of the ſhape of an inverted cone: they || 
were covered with ſand, as was the ſoil near them. I was 
told that, during the earthquake of the 5th of February, from 
each of theſe ſpots a fountain of water mixed with ſand had 
deen driven up to a confiderable height. I ſpoke to a peaſant 


fand; but affured me, that it was not hot, as had been repre- 
ſented, Before this appearance, he ſaid, the river was dry; 
but ſoon after returned and overflowed its banks. I afterwards 

found, that the ſame Phenomenon had been conſtant with 
reſpect to all the other rivers in the plain during the formidable 
ſhock of the 5th of February. I think this phenomenon is 
eaſily explained, by ſuppoſing the firſt impulſe of the earth- 
quake to have come from the bottom upwards, which all 
the inhabitants of the plain atteſt to be fact; the ſurface of 1 
the plain fuddenly rifing, the rivers, which are not deep, 
would naturally diſappear, and the plain, returning with vio- I 
lence to its former level, the rivers muſt naturally have re- 
turned, and overflowed, at the ſame time that the ſudden de- 
preſſion of the boggy grounds would as naturally force out the 
water that lay hid under their ſurface. I obſerved in the othes 
parts where this ſort of phenomenon had been exhibited, that 
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theground was always low : and. ruſhy. _ N th is is plage 00 
Roſarng ye paſſed the river Mefſano or or r Metauro C. 115 is Near 
the town. above mentioned) on a ſtrong timber ri age, Fg 
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palm long, which bad been lately built by_ the Duke 10 

Monteleone, From the cracks mage on, the hanks : and. in the 
bed of the river by the earthquake, | it Was quite ſeparated i in 
one part, and the level on which. the piers were placed having 
been variouſly altered, the bridge has taken an undulated form, 
and the rail on each ide i 15 <urioully ſeolloped; but the parts 
that were ſeparated having been joined again, it is now paſſable. 
The duke” s bridge-man told me alſo, that at the moment of 
the earthquake, this great river was perfectly dry for ſome ſe⸗ 
conds, and then returned with violence, and overſſowed; and 
| that the bridge undulated in a moſt extraordinary manner. 


When I mention the earthquake i in the plain, it muſt be always 


underſtood the firſt ſhock of the 5th of February, which was 
by far the moſt terrible, and was the one that did the whole 

miſchief in the plain, without having given any previous 
notice. The town of Roſarno, with the Duke of Monte- 
leone's palace there, was entirely x ruined ; but the walls re- 
mained about fix feet high, and are now fitting up as barracks. 5 
The mortality here did not much exceed 200 out of near 3000. 
It had been remarked at Roſarno, and the fame remark has 

: been conſtantly repeated to me in every ruined town that 1 

: have viſited, that the male dead were generally found under 
the ruins in the attitude of ſtruggling againſt t the danger; 3 but 
that the female attitude was uſually with hands claſped over 
their heads, as giving themſelves up to defpair, unleſst they had 
children near them; in which caſe they were always found 
claſping the children in their arms, or in ſome attitude w hich 
indicated their anxious care to protect them; a ſtrong inſtance 
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of the-ihateniat» tenderneſs of the fox! The only building 
that remeined- unhurt at Roſarno was à ſtrong built town 
| gadl, in which were three notorious villains, who would pro- 
bably have loſt their lives had they been at liberty. After 
having dined in H barrack, the owner of which had loft five 
of his family? by the earthquake, I proceeded to Laureana, 
often croſſing: the wide extended bed of the river Metauro. 
The environs: of Laureana, which ſtands on an elevation, is 
the garden of Eden itſelf; nothing I ever ſaw can be com- 
pared toit. The town 4s conſiderable; but as the earthquake did 
not come on fuddenly, as in the plain, not a life was loſt there; 
but from a ſickneſs, occaſioned by hardſhips and fright, 52 have 
died ſince. I lodged i in the barracks of a ſenſible gentleman 
of Mileto, Don Domenico Acquanetta, who is a principal pro- | 
prietor of this town. He attended me the next day to the two 
tenements, called the Macini and Vaticano, mentioned i in the 
former part of this letter, and which were ſaid to have changed 
their ſituation by the earthquake. The fact is true, and eaſily 
accounted for. Theſe tenements were ſituated in a valley ſur- 
rounded by high grounds, and the ſurface of the earth, which 
| has been removed, had been probably long undermined by 
little tivulets, which come from the mountains, and now are 
in full vie w on the bare ſpot the tenements had deſerted. Theſe 
rivulets have a fufficiently rapid courſe down the valley, g 
to prove its not being a perfect level as was repreſented. I ſup- 
poſe the earthquake to have opened ſome depoſitions of rain- 
water in the elay hills which ſurround the valley, which 
water, mixed with the looſe ſoil, taking its courſe ſuddenly. 
through the undermined ſurface, lifting it up with the large 
olive and mulberry- trees, and a thatched cottage, floated the 
entire piece-of ground, with all its vegetation, about a mile 
| down 


hows the valley; where it now ſtands, with nioſt of the tress 
erect. Theſe two tenements may be about à file long and 
half a mile broad, I was ſhewn ſeveral deep cracks in this 
neighbourhood, not one above a foot in breadth; but which, I 
was ctedibly aſſured, had opened wide during the earthquake, | 
and ſwallowed up an ox, and near an hundred goats, but no 
countrymen, as was reported. In the valley above mentioned 
I faw the ſame ſort of hollows in the form of inverted cones; 
out of which, I was affured, that hot water and ſand had been 
emitted with violence during the earthquakes as at Roſarno; but 
J could not find any one who could poſitively affirm that the 
water had been really hot, although the reports which govern- 
ment received affirm it. Some of the ſand thrown out here with 
the water has a ferruginous appearance, and ſeems to have been 
acted upon by fire. I was told, that it had alſo, when freſh, a 
ſtrong ſmell of ſulphur, but I could not perecive it. 
From hence went through the ſame delightful — to 
the town of Poliſtene. To paſs through ſo rich a country, and 
not ſee a ſingle houſe ſtanding on it, is moſt melancholy in- 
deed; wherever a houſe ſtood, there you fee a heap of ruins, 


and a poor barrack, with two or three miſerable mourning, 


| figures fitting at the door, and here and there a matmed man, 
woman, or child, crawling upon crutches. Inſtead of a town, 
you ſee a confuſed heap of ruins, and round about them num 
ber of poor huts or barracks, and a larger one to ſerve as a 
ehurch, with the church bells hanging upon a fort of low. 
gibbet; every inhabitant with a doleful countenance, and wear- 
ing ſome token of having loſt a parent. 
| travelled four days in the plain, in the midſt of ſock mi- 

ſery as cannot be deſcribed. The force of the earthquake was 
ſo great there, that all the inhabitants of the towns were buried 
A a4 either 
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either alive ot dead under the ruins of their houſes in an inſtant; 
| The toi of Poliſtene was large, but Il fituated between two | 
rivers, ſudhect to-overflow. | 2100 out of about 6000 loſt their 
lives here the fatal 5th', of February. The Marquis St. Giorgio, 
the baron of this country, whom I found here, was well em- 
ployed' in affiſting his tenants. He had cauſed the ſtreets of 
his ruined town to be cleared of rubbiſh, and had erected bar- 
racks on a healthy ſpot near it, for the remainder of his ſub- 
3 Jects, and on a good plan. He had alſo conſtructed barracks 
of a larger ſize for the ſilk- worms, which: J found already at 
work iu them. This prince's activity and generoſity is moſt 
praiſe-worthy, and, as far as 1 have ſeen hitherto, he is with- 
out a rival. 1 obſerved, that the town. of St. Giorgio, on a 
hill about two miles from Poliſtene, though rendered uninha- 
bitable, was by no means levelled like the towns in the plain. 
There was a nunnery at Poliſtene; being curious to ſee the 
nuns that had eſcaped, I aſked the marquis to ſhew me their 
barracks; but, it ſeems, only one out of twenty-three had been 
dug out of her cell alive, and ſhe was fourſcore years of age. 
After having dined with the marquis in his humble barrack, 
near the ruins of his very magnificent palace, I went through 
a fine wood of olive, and another of cheſnut trees, to Caſal 
Nuovo, and was ſhewn the ſpot on which ſtood the houſe of 
my unfortunate friend the princeſs Gerace Grimaldi, who with 
more than four thouſand of her ſubjects loſt her life by the 
ſudden exploſion of the 5th of February (for ſo it appears to 
have been) that reduced this town to atoms. I was told by 
ſome here, who had been dug out of the ruins, that they felt 
their houſes fairly lifted up, without having had the leaſt 
previous notice. In other towns ſome walls and parts of 


2 are ſtanding; but here you neither diſtinguiſh ſtreet or 
houſe, 
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houſe; call been n of ruins. An inh>bitag. 
of Caſal Nuovo told me, he was on à hill at the moment of the 
earthquake, overlooking / the plain, when feeling the ſhock, and 
turning towards the plam; inſtead of the town, he ſaw in the 
place of it a tluck eloud of white duſt like ſmoke, the natural 
effect of the cruſhing of the buildings, and the mortar flying off, 
From hence I went through the towns of Caſtellace and 
Milicuſco (both in the ſame condition as Caſal Nuovo) to 
Terra Nuova, ſituated in the ſame lovely plain, between two 
rivers, which, with the torrents from the mountains, have, in 
the courſe of ages, cut deep and wide chaſms in the ſoft ſandy 
clay foil of which the whole plain is compoſed. At Terra 
Nuova the ravine or chaſm is not leſs than 500 feet deep, and 
three quarters of a mile broad. What cauſes a confuſion in all 
the accounts of the phenomena produced by this earthquake in 
the plain, is the not having ſufficiently explained the nature of 
che ſoil and ſituation. They tell you, that a town has been thrown 
a mile from the place where it ſtood, without mentioning a 
word of a ravine; that woods and corn-fields had been removed 
in the ſame manner, when in truth it is but upon a large ſcale, 
what we ſee every day upon a ſmaller, when pieces of the ſides 
of hollow ways, having been undermined by rain waters, are de- 
| tached into the bottom by their own weight, Here, from the 
great depth of the ravine, and the violent motion of the earth, 
two huge portions of the earth, on which a great part of the 
town ſtood, conſiſting of ſome hundreds of houſes, were de- 
tached into the ravine, and nearly acroſs it, about half a mile 
from the place where they ſtood ; and what is moſt extraordi- 
nary, ſeveral of the inhabitants of thoſe houſes, who had 
taken this ſingular leap in them, were nevertheleſs dug out. 
alive, and ſome unhurt. I ſpoke to one myſelf who had taken 
this extrordinary journey in his houſe, with his wife and a 
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 recoyered.' I happened to aſi him, What hurt his wife had 
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_ nevertheleſs, I am furs, make' you ſmile, Sir, as it dick me, 
Hie faid, ſhe had both her legs and one arm broken, and that 


It 


the had a fracture on her ſkull fo that the brain was viſible. 
appęars to me, that the Calabreſi have more: firmneſs than the 
Neapolitans; and they really ſtem to bear their exceſſive pre- 
ſent” mis fortune with a true philofophic patience. Of 1600 
inhabitants at Terra Nuova, only 400 eſcaped alive. My 
guide there, who was a prieſt and phyſician, bad been ſhut up in 
the ruins of bis houſe by the: firſt fhock of the earthquake, 
and was blown out of it, and delivered: by the ſucceeding 
| thock,: which followed the frft immediately. There are many 

well atteſted inſtances of the ſame having happened elſewhere 

in Calabria. In other parts of the plain fituated near the 
tavine, and near the town of Ferra Nuova, I ſaw many acres 
of land with trees and eorn- fields that had been detached into 
the ravine, and often without having been overturned, ſo that 
the trees and crops: wore . growing as well as if they: had been 
planted there. Other ſuch pieces were Ping i in the bottom, in 
an inclined ſituation; and others again that had been quits 
everturned.'” In one place, two of theſe immenſe pieces of 
land having been detached oppoſite to one another, had filled the 
valley, and ſtopped the courſe of the river, the waters of which 
were forming a great lake: and this is the true ſtate of what 
the accounts mention of mountains that had walked, and 
joined together, ſtopped the- courſe of the river, and formed a 
lake. At the moment of the earthquake the river diſappeared 


here, as at Roſarno, and returning ſoon after, overflowed the 
6 5 dottom 
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bottom 6b che ravine) aBout three Feet in depth; ad that the 
poor people that; had been thrown wich their houſes ineo. the 
mins from the toh of it, and had eſcaped with broken; bones 
were note in danger of being drowned. I was fffured, that 
the water was ſalt, like, that of the fen but this cirpumiftance 
ſoerns to want confirmation. | The fame reaſon I have giveir for - 
the ſudden diſappearing of the river Metauro at Noſarno wil! 
account for the like phenotnenon here, and in every part of 
the country where the rivers dried up at the moment of the 
earthquake. The whole town of Mollochi dt Sotto near Terra 
Nuova, was likewiſe detached into the ravine, and a vineyard 
of many acres near it lies in the bottom of the ravine as I fa w 
mn a perfect order, but in an inclined ſituation: there is a foota 
path thrbuglhi this vineyard, which has a ſingular effect, conſi- 
dering its preſent impracticable fituation. Some water mills,thar 
were on the river, having been jammed between two fuck de- a 
tached pieces as above deſcribed, were lifted up by them, and ard 
no ſeen on an elevated ſituation, many feet above the level of 
che river. Without the proper explanations it is no wonder that 
foch facts ſhould appear miraculous. I obſerved in ſeverat 
parts of the plain, that the ſoil with timber trees and crops of 
corn, conſiſting of many aores, had ſunk eight and ten feet 
| below the level-of-the plainig and in others agam 1 perceived it 
had riſen as many. It is nedeffary td remember, that the ſoil of 
the plain is a clay mixed with ſand which is eaſily moulded into 
any ſhape. In the plain; near the ſpots from whence the above 
mentioned pieces had been derached into the ravintz therd were 
ſeveral parallel ctacks, ſotkat had che violetwe of the ſhodks of 
the earthquake continued cheſt pieces alſo would: have probably” 
followed. I remarked conſtantly in all my Journey, that near 
my ravine, 6r Hollow way; che purts of the-plain: adjdlakige 
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wrote: fall: of large parallel cracks The ab eliag with 
5 — from ſide to fide, and having ſupport on one ſide 
only, accounts well forithis tircumſtance. Fm Terra Nuova 
I went to Oppido. This: city is ſituated on à mountain of 3 
a gritty None, unlike the |:elay ſoil of its 
neighbourhood, and is ſurrounded by two rivers in a ravine 
deeper and reader than that of Terra Nuova. Inſtead of the 
mountain on which Oppido was fituated having ſplit in two, 
and by its fall on the rivers, ſtopped; their courſe and formed 
great lakes, as we were told; it was (as at Terra Nuova) huge 
pieces of the plain on the edge of the ravine, that had been 
detached into it, nearly filled it up, and ſtopped the courſe of 
the rivers, the waters of which are now forming two great 
lakes. It is true, that part of the rock on which Oppido-ſtaod 
was Jetached with ſeveral houſes into the ravine ; but that is a 
trifling. circumſtance in compariſon of the very great tracts of 
land, with large plantations of vines and olive- trees, which: 
bave been detached from one ſide of the ravine clear over to the 
other, though the diſtance is more than half a mile. It is 
well atteſted, that a countryman, who was plovghing his field 
in this neighbourhood with a pair of oxen, was tranſported 
with his field and team clear from one fide of a ravine to the 
other, and that neither he nor his oxen were hurt. 2 
what I have ſeen, I verily believe this may have happened. A 
large volume might be compoſed of the curious facts and acci- 
dents of this kind produced by the carthquakes in the valley; 
and, I ſuppoſe, many will be recorded in the account; of the 
late formidable earthquakes, which the Academy of Naples 
intend to publiſh, the preſident having already ſent into Cala- 
bria fifteen members, with draughtſmen in proportion, to 


collect the facts, and r drawings for the ſole purpoſe of.” / 
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| Earthquak in ly e 289 
giving a — Ny ample accoumt of the late calamity: to 
the publick; but unleſs they attend, as I did, to the nature f 
the ſoil of the local where! thoſe accidents — their re- 
ports will generally meet with lietle credit, except, from- thoſe 
who are profeſſed dilettanti of miracles, and many ſuch do cer- 
tainly exiſt. in this country. I met with a remarkable. inſtance 
here of the degree of immediate diſtreſs to whick the unfortu- 
nate inhabitants of the deſtroyed towns were reduced. Don 
Marcello Grillo, a gentleman of fortune, and of great landed 
property, having eſcaped from his houſe at Oppido, which was- 
deſtroyed by the earthquake, and his money (no leſs than 
twelve thouſand pieces of gold) having been buried under the 
ruins of it, remained ſeveral days without food or ſhelter 
during heavy tains, and was obliged to a hermit in- the neigh- 
bourhood for the loan of a clean ſhirt. Having walked over 
the ruins of Oppido, I deſcended into the ravine, and. exa- 
mined carefully the whole of it. Here I ſaw, indeed, the 
wonderful force of the earthquake, which has produced exactly 
the ſame effects as I have deſcribed in the ravine of Terra 
Nuova, but on a ſcale infinitely greater. The enormous maſſes 
of the plain, detached from each ſide of the ravine, lye ſometimes- 
in confuſed heaps, forming real mountains, and having ſtopped 
the courſe of two rivers (one of which is very conſiderable) 
great lakes are already formed, and, if not aſſiſted by nature or 
art, ſo as to give the rivers their due courſe, muſt infallibly 
be the cauſe of a general infection in. the neighbourhood; 
Sometimes 1 met with a detached piece of the ſurface of the; 
plain (of many acres in extent) with the large oaks and. 
olive-trees, with lupins or corn under them, growing as well,. 
and in as good order at the bottom of the ravine, as their corn- 
panions, from whom they were ſeparated, do on their native: 
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Kuda, er Halt” go fert higher; and t he diſtanm 
of bout Hes üſbabtüs of 2 mile. 1 tet with Whole'vine- 
yards in ths Wits brder in the bottom, that had Reife taken 
the lame June. As che bahlks wf the ravine; from hene 
theſe pieces Cate, it now bare and perpendicular, I peretived 
that the upper. foil was a reddiſh-earth; and” the under one I 
4 ſandy white clay, very compa; and like a ſoft ſtone; the 
impulſe theſe huge maſſes received, either from rhe violent 
motion 6f the earth alone, or that affiſted with the additional one 
of the volcatiic exHalations ſet at liberty, ſeems to have acted 
with greater force on the lower and more compact ſtratum than 
on tlie upper cultivated cruſt : for I conſtantly obſerves, whert 
theſe cultivated iflands lay (for ſo they appeared to bs on the 
barren bottom of the ravine) the under ſtratum of compałt 
thy had been driven ſome hundred yards further, and lay in 
confuſed blocks, and, as I obſerved, many of thoſe blocks wert 
of a cubical form. The under ſoil having had a greater im- 
a pulſe, and leaving the upper in its flight, naturally accounts 
for the order in which the trees, vineyards, and vegetation, 
fell and remain at pteſent in the bottom of the ravitie. This 
eurious fact, I thought, deſerved to be recorded, but is not eaſily 
deſcribed by words. Wheir the drawings and plans of the 
Academy are publiſhed, this account (imperfe& as it is) nay]. 
pertiaps, have its utility: had my time permitted; J. Would 
certainly have take a draughtſmnaty with- me into Calabria, 
In" another part of the bottorn of tlie ravine there is a moun- 
"fan compoſed of the ſarhe clay ſoil, and which ws probably a 
Piece of the plain detached by an earthquake at ſome former 
period; it is aboùt 2 50 feet high, arid about 400 feet diarneter 
at its baſts: this mountkin, 4s is well atteſted, has trabelled 


down the ravitie near four miles; hivieg:beew put in. motion 
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by the been of the th of February...” Che abun 
ef rain which fell at that time, the great weight, af: the- freſh 
detached. pieces of the plain, which 1 Jaw heaped up at the 
back of it, the pature of 'the ſoil of which it is compoſed, and 
| particulasly) its ſituation on a declivity, accounts well for this 
phenomenon; whereas. the raparts which came to Naples, of a 
mauntaim, im a perfsct plain, þaving. leaped: four miles, had 
_ rather the appearance af a miracle. | und fome ſingle tim- 
ber trees alſo with a lump of their natihe foil, at the roots, 
ſtanding upright i in the bottom of the xzavine; and which had 
been detached, from the plain above mentioned 1 ohſerved 
alfa, that many confuſęed heaps of the, Jaaſe, ſoil detached by 
the earthquake fiom the plains on each. fide of the ravine, had 
aRtually run Rke a yalcapic lava (having probably been. affiſted 
by the heavy rain) and produced many effects greatly reſembling 
thaſe of lava furing their courſe dawn a great part of the ravine, 
At Santa Criſtina, in the neighboyrbood. of Oppido, the like 
1 phenomena have been exhibited, and the great force of the 
earthquake of the 5th of February ſeems to have been exerted. - 
on theſe parts and at Caſal Nueva and Terra Nuova. The phe- 

nomena exhibited by the earthquakes in other parts of the 
plains of Calabria Ultra are of the ſame nature; but trifling i in 
compariſon of thoſe. I have been deſcribing. The barracks 
erected for the remaining inhabitants of the ancient city of 
Oppido, now in ruins, are on a healthy ſpot, at about the diſ- 
tance of a mile from the old town, where I found the baron 
of this country, the Prince of Cariati, uſefully employed i In 
the aſſiſtance af his unfortunate ſubjects. He ſhewed me two 
girls, one of about ſixteen years of age, who had remainkd. 
eleven days without foed' under the ruins of a houſe at Op- 


11. ſhe had a child of five or fix . old in her arms, 
4 17... + 
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which died rhe fourth" day. The girk gave me a Gu. account 
Ef her ſufferings; ; having light-htough a {mall opening,” the 
had kept an exact acedunt of the nhmber of days ſhe had 
been buried. She did Het ſecmpm te be in bad health, drinks 
freely, but has yet a difficulty in ſrrallow-ing any thing ſolid. 
The other girl was about cdeven yeats of age; ſhe remained 
under the rums fix days only; but in ſo very confined and 
diſtreſsful a poſture, that one of her hands, ra _ 
ker cheek, had nearly worn a hole through it. ö 
From Oppide I proceeded through the ſame vevariful coun- 
try and rumed towns and villages to Seminara and Palmi. The 
houſes of the former + were not quite in ſuch a ruined condition 
- as thoſe of the latter, avhoſe ſituation i is lower and nearer the 
thu. 1400 lives were loſt at Palmi, and all the dead bodies 
have not been removed and burnt, as in moſt other parts I 
wiſited ; for I ſaw myſelf two taken up whilſt I was there, 
and I fhall ever remember a melancholy figure of a woman in 
mourning, fitting upon the ruins of her houſe, her head re- 
elined upon her hand and knee, and following with an anxious 
eager eye every ſtroke of the pick - are of the labourers em- 
Ployed to clear away the rubbiſh, in hopes of recovering the 
corpſe of a favourite child. This town was a great market for 
oil, of which there were upwards of 4000 barrels in the town 
At the time of its deſtruction, ſo that the barrels and jars being 
broken, a river of oil ran into the ſea from it for many hours. 
The ſpilt oil mixed with the corn of the granaries, and the 
corrupted bodies, have had a ſenſible effect on the air. This I 
fear, as the heats increaſe, may prove fatal to the unfortunate 
remainder of the inhabitants of Palmi, who live in barracks' 
near the ruined town. My guide told me, that he had been 
buried 1 in the ruins of has houſe here by the firſt ſhock, and. 
* that 
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chat after the ſecond,” which' followed immediat ey. BE found 
himſelf fiting aftride of a beam at leaſt fifteen feet” high | in 
the air. 'T heard of many ſuch extraordinary eſcapes i in all 
parts of the plain, where the carthquakehas exerted ſts denn 
force. | 

From Palmi 1 pübess al through the beauüful woody moun- 
tains of Bagnara and Solano; noble timber oak trees on high 
rocks, narrow valhes with torrents in their bottoms, the road 
dangerous both on account of robbers and precipices. My two 
guards, inftead of leading the way, as they had hitherto done, 
now ſeparated and formed an advanced and a rear- guard. The 
narrow road was often interrupted by the fallen rocks and trees 
during che earthquakes, and obliged-us to ſeck a new -and ſtill 
more dangerous road; but the Calabreſe horſes are really as 
ſure-footed as goats. In the midft of one of thefe pafies we 
felt a very ſmart ſhock of an earthquake, accompanied by 4 
loud exploſion, like that of fpringing a mine: fortunately for 
us it did not, as 1 expected, detach any rocks or trees from the 
high mountains that hung over our heads. After having paſſed 
the woods of Bagnara, Sinopoli, and Solano, I went through 
rich corn-fields and lawns, beautifully bounded with woods and 
ſcattered trees, like our fineſt parks, and which continue vary- 
ing for ſome miles till you come upon the top of an open plain 
on a hill, commanding the whole Faro of Meſſina, the coaft 
of Sicily as far as Catania, with Mount Etna riſing proudly be- 
| bind it, which altogether compoſed the fineſt view imagji- 
nable. From thence T deſcended a horrid rocky road to the 
Torre del Pezzolo, where there is a'country-ſeat and a village 
belonging to the Princeſs of Bagnara. There I found, that an 
epidemical diſorder had already manifeſted itſelf, as ĩt probably 
will in many other parts of this glorious but unhappy country, 
Vor. LXXIII. C c in 
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in proportion as the heats increaſe, owing to the hardſhips ſuf. 
fered, and the air having been ſpoiled by new-formed lakes. 
Several fiſhermen aſſured me, that during the earthquake 
of the 5th of February at night, the ſand near the ſea was 
- hot, and that they ſaw fire iflue from the earth in many parts, 
This circumſtance has: been often repeated to me in the plain ; 
and my idea is, that the exhalations which iflued during the 
violent commotions of the earth were full of electrical fire, 
juſt as the ſmoke of volcanoes is conſtantly obſerved to be 
during violent eruptions; for I ſaw no mark, in any part of 
my journey, of any volcanic matter having iſſued from the 
fiſſures of the earth; and I am convinced, that the whole 
damage has been done by exhalations and vapours only. The 
firſt ſhock felt at this place, as I was aſſured, was lateral, and 
then vorticoſe, and exceedingly violent; but what they call 
violent here, muſt have been nothing in compariſon of what was 
felt in the plain of Caſa Nuova, Poliſtene, Palmi, Terra 
Nuova, Oppido, &c. &c. where all agreed in aſſuring me, that 
the violence of the fatal ſhock of the 5th of February was in- 
ſtantaneous, without warning, and from the bottom upwards; 

N and indeed in thoſe places, Where the mortality has been ſo 
great, and where nothing is to be ſeen but a confuſed heap « of 
ruins, without diſtinction of either ſtreets or houſes, the vio- 
lence of that ſhock is ſufficiently confirmed. From this place 
to Reggio the road on each ſide is covered with villas and orange 
groves. I ſaw not one houſe levelled to the ground; but per- 
ceived that all had been damaged, and were abandoned; and 
that the inhabitants were univerſally retired to barracks in theſe 
beautiful groves of orange, mulberry, and fig-trees, of which 
there are many in the environs of Reggio. One that l viſited, and 

| which is reckoned the richeſt in all this part of Magna Grecia, is 
about a mile and a half from the town of Reggio, and what 
-_ Z is 
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is temarkable, belongs to a gentleman whoſe Chriſtian r name is 
Agamemnon. The beauty of the agrume (the general name 
of all kind of orange, lemon, cedrate, and bergamot-trees) is 
not to be deſcribed ; the foil being ſandy, the expoſition warm, 
and command - of water, a clear rivulet being introduced at 
pleaſure in little channels to the foot of each tree, is the rea- 
ſon of the wonderful luxuriancy of theſe trees. Don Aga- 
memnon aſſured me, it was a bad year when he did not gather 
from his garden (which is of no great extent) 170,000 lemons, 
200,000 oranges (which I found as excellent as thoſe of 
Malta), and bergamots enough to produce 200 quarts of the 
eſſence from their rinds. There is another ſingularity in theſe 
gardens, as I was aſſured, every fig-tree affords two crops of 
fruit annually ; ; the firſtin June, the ſecond in Auguſt. But to 
return to my ſubje&, from which my attention was frequently 
called away by the extraordinary and uncommon beauty and 
fertility of this rich province ; I arrived about ſun-ſet at Reg- 
gio, which J found leſs damaged than I expected, though not 
a houſe in it is habitable or inhabited, and all the people live in 
barracks or tents; but after having been ſeveral days in the plain, 
where every building is levelled to the ground, a houſe with 
A roof, or a church with a ſteeple, was to me a new and refreſh- 
ing object. The inhabitants of the whole country, that has been 
ſo ſeverely afflicted with earthquakes, ſeem, however, to have ſo 
great a dread of going into a houſe, that when the earthquakes 
ſhall have ceaſed, I am perſuaded, the greateſt part of them 
will ſtill continue to live in barracks. The barracks here (except 
ſome few that are even elegant) are ill conſtructed, as are in 
general throughout the country all barracks of towns that have 
been fo little damaged as, to allow the inhabitants to flatter 
themſelves with a hope of being able to return to, and occupy, 
Qc 4 their 


” Europe is in danger of utter ruin. Silk and eſſence of berga- 
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their: bouſes: again, when the preſent. calamity is at an 2 
Reggio has. been roughly handled. by the earthquakes, but is, 
dy no means deſtroyed. The archbiſhop, a. ſenſible, active, 
and. humane prelate, has. diſtinguiſhed himſelf from the begin» 
ning of the earthquakes to. this day, having immediately diſ- 
poſed of all the ſuperfluous ornaments of the churches, and 
of his own horſes and furniture, for. the ſale relief of his diſ- 
treſſed flock, with whom he chearfully bears an equal ſhare of 

every inconvenience and diſtreſs which ſuch.a calamity has natu» 

rally occaſioned. Except in this inſtance, and very few others, 
indeed, I obſerved throughout my whole journey, a prevailing 
indalence, nactivity, and want of ſpirit, which is unfor- 
tunate, as ſuch. a heavy. and general calamity can only be re- 
paired by: a diſpoſition directly contrary to that which prevails; 
but as this government 1s indefatigable in its endeavours at 
remedying every preſent evil, and preventing ſuch as may na- 
turally be expected, it is to be hoped that the generous and 
wiſe: diſpoſitions lately made, will reſtore the energy that is 
wanting, and without which, one of the richeſt provinces in 


mot, oranges and lemons, are the great articles of trade at 
Reggio. I am aſſured, that no leſs than 100,000 quarts of 
this effence is. annually exported... The fruit, after the rind is 
taken off, is given to the cows and. oxen.;, and the inhabitants 
of this town aſſure me, that the beef, at that ſeaſon, has 4 
ſtrong, and. difagreeable flavour of bergamot. The worthy 
archbiſhop gave me an account of the earthquakes here in 
17 70 and 1780, which obliged. the inhabitants (in number 
16, 400) to encamp or remain in. barracks ſeveral months, with- 
out however having done any conſiderable damage to the town. 
I was aſſured here (where they have had ſuch a long expe · 

rience 
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| fience of earthquakes) that all animals and birds are in a greater 
or leſs degree much more ſenſible of an approaching ſhock of 
an earthquake than any human being; but that geeſe, above 
all, ſeem to be the ſooneſt and moſt alarmed at the approach 
of a ſhock: if in the water, they quit it immediately, and there 
are no means of driving them into the water for ſome time 
after. The mortality here, by the late earthquake of the 5th 
of February, correſponds with the apparent degree of damage 
done to the town, and does not exceed 126. As it happened about 
noon, and came on gently, the people of Reggio had time to 
eſcape; whereas, as J have often remarked, the ſhock in the un- 
bappy plain was as inſtantaneous as it was violent and deſtructive. 
Every building was levelled to the ground, and the mortality 
was general, and in proportion to the apparent deſtruction of 


the Marſian war, and having been rebuilt by Julius Cæſar 
was called Reggio Julio. Part of the wall ſtill remains, and 
zs called the Julian Tower; it is built of huge maſſes of ſtone 
without cement. Near St. Peruto, between Reggio and the 
Cape Spartivento, there are the remains of a foundery, his 
pretent Catholic Majeſty, when King of Naples, having 
worked filver mines in that neighbourhood; which. were 

 foon abandoned, the profit. not having anſwered the expence. 
There are ſome towns in the neighbourhood of Reggio that 
ſtill retain the Greek language. About fifteen years ago, when 
I made the tour of Sicily, I landed at Spartivento in Calabria 
Ultra, and vent to Bova, where I found that Greek was the 
only language in uſe in that diſtrict. On the 14th of May I 
left Reggio, and was obliged (the wind being contrary) to have 
my boats towed by oxen to the Punta del Pezzolo, oppoſite 
Meſlina, from whence the current waited us with great expe- 
5 dition 


the buildings. Reggio was deſtroyed by an earthquake before 
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dition indeed into the port of Meſſina. The port and the 
town, in its half ruined ſtate, by moon- light was ſtrikingly 
pictureſque. Certain it is, that the force of the earthquake 
(though very violent) was nothing at Meffina and Reggio to 
what it was in the plain. I viſited the town of Meffina the 
next morning, and found, that all the beautiful front of what | 
1s called the Palazzata, which extended in very lofty uni- 

form buildings, in the ſhape of a creſcent, had been in ſome 

parts totally ruined, in others leſs; and that there were cracks 
in the earth of the quay, a part of which had ſunk above-a 
foot below the level of the ſea. Theſe cracks were probably 
occaſioned by the horizontal motion of the earth in the ſame 

manner as the pieces of the plain were detached into the ra- 

vines at Oppido and Terra Nuova; for the ſea at the edge of 
the quay is ſo very deep, that the largeſt ſhips can lie along- 
fide; conſequently the earth, in its violent commotion, want- 
ing ſupport on the fide next the ſea, began to crack and ſepa- 
rate, and as where there is one crack there are generally others 
leſs conſiderable in parallel lines to the firſt, I ſuppoſe the great 
damage done to the houſes neareſt the quay has been owing to 

| ſuch cracks under their foundations. Many houſes are till 
ſtanding, and ſome little damaged, even in the lower part of 
Mleſſina; but in the upper and more elevated fituations, the 
earthquakes ſeem to have had ſcarcely any effect, as I particu- 
larly remarked. A ſtrong inſtance of the force of the earth- 
quake having been many degrees leſs here than in the plain of 
Calabria is, that the convent of Santa Barbara, and that called 
the Noviziato de' Geſuiti, both on an elevated fituation, have 
not a crack in them, and that the clock of the latter has not been 
deranged in the leaſt by the earthquakes that have afflicted this 
country for four months paſt, and which ftill continue in ſome 
degree. 


tbe Earthquakes in Italy in _ 
- Beſides, the mortality at Meſſina does not exceed 700. 
aut of upwards of 30,000, the ſuppoſed population of this. 
city at the time of the firſt earthquake, which circumſtance is 
concluſive. I found, that ſome houſes, nay a ſtreet or two, at 
Meſſina, were inhabited, and ſome ſhops open in- them; but 
| the generality of the inhabitants are in tents and barracks, 
which, having been placed in three or four different quarters, in 
fields and open ſpots near the town, but at a great diſtance one 
from the other, muſt be very inconvenient for a mercantile 
town ; and unleſs great care is taken to keep the ſtreets of the 
barracks, and the barracks themſelves, clean, 1 fear that the 
unfortunate Meſſina will be doomed to ſuffer a freſh calamity 
from epidemical diſorders, during the heat of ſummer. In- 
deed, many parts of the plain of Calabria ſeem to be in the 
_ ſame alarming ſituation, particularly owing to the lakes, which 
are forming from the courſe of rivers having been ſtopped, 
ſome of which, as I ſaw myſelf, were already green, and 
tending to putrefaction. I could not help remarking here, that 
the nuns, who likewiſe live in barracks, were conſtantly walk- 
ing about, under the tuition of their confeflor, and ſeemed 
gay, and to enjoy the liberty the earthquake had afforded them, 
and I made the ſame obſervation with reſpect to ſchool- boys at 
Reggio; ſo that in my journal, which I wrote in haſte, and 
from whence I have as haſtily tranſcribed. the imperfe& account 
I fend you, the remark ſtands thus: Earthquakes particu- 
* larly pleaſing to nuns and ſchool-boys.” Out of the cracks on 
the quay, it is ſaid, that during the earthquakes fire had been 
ſeen to iflue (as many I ſpoke with atteſted) ; but there are no 
- viſible ſigns of it, and I am perſuaded it was no more than, as 
in Calabria, a vapour charged with electrical fire, or a kind of 
inflammable air. A curious circumſtance happened here alſo, 
to 
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to prove that animals can remain long alive without food. TW 
mules belonging to the Duke of Belviſo, remained under & | 
heap of ruins, one of them twenty- two, and the other twenty. 
three days: they would not eat for ſome days, but drank water 
plentifully, and are now quite recovered. There are number- 
lefs inſtances of dogs remaining many days in the ſame ſitua- 
tion; and a hen, belonging to the Britiſh vice-conſul at Meſ- 
ſina, that had been cloſely ſhut up under the ruins of his houſe, 
was. taken out the twenty-ſecond day, and is now recovered ; J 
| it did not eat for ſome day 8, but drank freely; : it was emaciated, | 
and ſhewed little figns of life at firſt. From theſe inſtances, 
from thoſe related before, of the girls at Oppido, and the 
hogs at Soriano, and from ſeveral others of the fame kind, 
that have been related to me, but which being leſs remarkable 
I omit, one may conclude, that long faſting is always attended 
with great thirſt, and total loſs of appetite. From every in- 
quiry I found, that the great ſhock of the 5th of February 
was from the bottom upwards, and not like the ſubſequent 
ones, which in general have been horizontal and vorticoſe, A 
circumſtance worth remarking (and which was the ſame on 
the whole coaft of the part of Calabria that had been moſt 
affected by the earthquakes) 1 is, that a ſrmall fiſh called Cicirelli, 
reſembling what we call in England white-bait, but of a greater 
| fize, and which uſually lye at the bottom of the ſea, buried in 
the ſand, have been ever fince the commencement of the earth- 
quakes, and continue ſtill to be, taken near the ſurface, and in 
fuch abundance, as to be the common food of the pooreſt ſort 
of people; whereas, before the earthquakes, this fiſh was 
rare, and reckoned amon gft the greateſt delicacies. All fiſh, in 
general, have been taken in greater abundance, and with much 
greater _— in thoſe parts ſince they have been afflifted by 
earthquakes 
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earthquakes 5 before. I conſtantly-aſked every WM ang 
met with on the: coaft of Sicily and Calabria, if this owcum-* 
ſtance was true; and was as conſtantly anfwered in the affir- 
mati ve; but with fuch emphaſis, that it muſt have been. very 
extraordinary. - I ſuppoſe; that either the ſand at the bottom 
of me ſen may haue been heated by the volcanic fire wider it; 
or that the continual tremor of the eartir has driven the fiſh 
out of their ſtioug holds, juſt as an angler, when he wants a 
bait, obliges the worms to corne out of the turf on a river 
fide, by trampling on it with his feet, which motion never 
fails in its effect, as I have experienced very often myſelf. I 
found the citadel here had not received any material damage; 
but was in the fame tate as J had · left it fifteen years ago. The 
Lazaret has ſome cracks in it, like thoſe on the quay, and from 
2 like cauſe. The port has not received any damage from the 
carthquakes. The officer who commanded in the citadel, and 
who was there during the earthquake, aſſured me, that on the: 
fatal 5th of February, and the three following days, the ſea, 
about a quarter of a mile from that fortreſs, roſe and boiled in 
| a moſt extraordinary manner, and with a moſt horrid and 
alarming noiſe, the water in the other parts of the Faro being 
perfectly ealm. This ſeems to point out exhalations or erup- 
tions from. cracks at the bottom of the ſea, which may very 
probably have happened during the violence of the earthquakes. 
all of which, I am convinced, have here a volcanic origin. 
On the 17th of May I left Meſſina, where J had been. kindly. 
and hoſpitably treated, and proceeded in my Speronara along 
the Sicilian coaſt to the point of the entrance of the Faro, 
where I went aſhore, and found a prieſt who had been there 
the night between the 5th and 6th of February, when the 
great wave paſſed over that point, carried off boats, and above 
Vol. LXXIII. D d. twenty - 
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twenty-four: wilhappy people tearing —— 
ſome hundred-weight of: ith! iti had brought wih it: on the dry x 
land. He told he had bern himſelf covered) withel the. 
wave, and with-difficulty daved{his jlifa. 1 He at firſk; aid ther 
water was hat ; but as I wu curious to come at the tthth of. 
this fact; drhich wohld have doncluded much, I aſked hum K, 
he was very ſure of it / and being preſſed, it came to be no more 
than the water having been as warm as it uſually is in 1 0 
mer. He ſaid; the wave rroſe to a great height, and came on 
with noiſe, and fuck rapidity that i it ee, eſtape. 
The tower on the point was half deſtroyel, and a poor prieſt 
that was im it lofthis bfe From hence 1 croſſed over waßeils- 
Haidng met with my friend the Padre Minaſi, a Dominican 
friar, a worthy man and an able naturaliſt, who is a nr 
Scilla, and is actually employed by the Academy of Naples to 
give a deſcription of the phenomena that have attended the 
earthquake in theſe parts, with his aſſiſtance on the ſpot, 
I perfectly underſtood the nature of the formidable wave that 
was ſaid to have been boiling; hot, and had eextainly proved 
fatal to the baron of the country, the Prince of Scilla, -who. 
was ſwept off the ſhore into the ſea by this wave, with 2473 
of bis unfortunate ſubjects. The following is the fact. The 
Prince of Scilla having remarked, that during the firſt horrid: 
ſhock (which happened about noon the 5th of February) part 
of aà rock near Scilla had been detached into the ſea, and fear- 
ing that the rock of Scilla, on which his caſtle aud town is, 
ſituated, might alſo be detached, thought it ſafer to pre- 
pare: boats, and retire to a little port or beach, ſurrounded: 
by rocks at the foot of the rock. The ſecond ſhock of the 
earthquake, after midnight, detached ai; whole mountain, 
hrs . than that of * and partly calcareous, 
7 ; and 
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and partly ma. ſituated between the Torre del Ca- 
vallo and the rock of Scilla. This having fallen with violence 
into the ſea (at that time perfectly calm) raiſed the fatal waye, 
which I have above deſcribed to have broken upon the neck of 
land, called the Punta del Faro, in the iſland of Sicily, with ſuch | 
fury. which returning with great noiſe and celerity directly vpon 
the beach, where the prince and the unfortunate inhabitants of 
| Scilla had taken refuge, either daſhed, them with their boats 
and richeſt effects againſt the rocks, or whirled them 1 into the; 
ſea; theſe who had eſcaped the firſt and greateſt. wave were 
carried off by a ſecond and third, which were leſs conſiderable, 
and immediately followed the firſt. 1 ſpoke to ſeveral men, wo- 


ſome of whom had been carried i into the ſea by this unforeſeen 
| accident. Here, ſaid one, my head was forced through the door 
of the cellar, which he ſhewed me was broken. There, faid 
another, was I drove into a barrel. Then a woman would 
ſhew me her child, all over deep wounds from the ſtones and 
timber, &c. that were mixed with the water, and daſhing 
about in this narrow port ; but all aſſured me, they had not 
perceived the leaſt ſymptom of heat i in the water, though I 
dare ſay, Sir, you will read many well atteſted | acounts of 
this water having been hot; of many dead bodies thrown 
up which appeared to have been parboiled by it; and of many 
| living perſons, who hadevidently been ſcalded by this hot wave 
ſo difficult is it to arrive at truth. Had | been ſatisfied with hs 
firſt anſwer of the prieſt at the Punta del Faro, and ſet it down 
in my journal, who could have doubted but that this wave 
had been of hot water? Now that we are well acquainted 
with the cauſe of this fatal wave, we know it could not have 


been hot; but the teſtimony of ſo many unfortunate ſufferers 
D d 2 : from 


men, and children here, who had been cruelly maimed, and 
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from ile turn A fack which/T'was told; and which ws 
atteſtec by many here; i vet extraordinary indeed : a woman of 
Sciita; four months gout with: child was fwept mito the fea 
by the wave} and was taketr up ahve, floating on her back at 
ſorne diftince,-nine hours after. She did not even miſtarry, 
and is now perfeMy welt ; and; had ſhe not been gone up 
into thb country, they would have ſhewn ber to me. They 
toll me, ſhe had beer — fwim, as do moſt of the women 
ir this part of Calabria. Her anxiety and ſufferings, however, 
hat arrived at fo ee A Preh, that juſt at the time that the 
boat, 'wh ich took Ber up, appeared, ſhe was trying to foree 
her head under water, to put a period to her miſerable exiſtence. 
L The Padre Minafi told me another eurious cireumſtanee that 
happened i in this neighbourhood, which to his knowledge was 
ſtrictly true. A gil of about eighteen years of age, was 
buried under the ruins of a houſe frx days, having had Her | 
foot, at the ancle, almoſt cut off by the edge of a barrel 
that fell upon it; the duſt and mortar ſtopped the blood; 
the never had the affiſtance of a furgeen; but the foot of 
itſelf dropped off, and the wound i 18 perfectly healed without 
any other aſſiſtance but that of nature. If of ſuch extraor- 
nary circumſtances, and of hair · breadth eſcapes, an account 
was to be taken in all the deſtroyed towns of Calabria Ultra 
and Sicily, they would, as I faid before, compoſe a large vo- 
lume. I have only recorded a few of the moft extraordinary, 
RR and fuch as I had from the moſt undoubted avthority. In my 
i: way back to Naples (where J arrived the 23d of May) along 
the coaſt of the two Calabrias and the Principato Citra, I only 
went on ſhore at Tropea, Paula, and in the Bay of Palinurus. 
I found Tropea (beautifully ſituated on a rock overhanging the 
ſea) but little damaged: however, all the inhabitants were in 


F | barracks. 
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barracks. ä tt Paula the ſame. 1 he fiſſiermen dere told me, 
they continued to take a great abundance of-fiſb;:.as they had 
done ever cfince the commencement.of. the preſeut calamity; 
At Tropea, the 15th of May, there. was a ſevere {bock» of an 
earthquake, but of a very ſhort duration. There were hive | 
ſhocks: during my ſtay in Calabria and Sicily; three of them 
rather alarming : and at Meſſina, in the night-time; I'!con-. 
ſtantly felt a little tremor of the earth; which has been oh« 
ſerved by many of the Meſſineſe. I am reall aſhamed, Sir, 
of ſending ſuch an unconnected haſty extract of my journal; 
dut when | reflect, that unleſs I ſend it off directly, che Royal 
Society 1 will be broken up for the ſummer ſeaſon, and the ſub- 
ject will become ſtale before its next i rdeerhig't; of two evils 1 
prefer to chuſe the leaſt. Such rough draughts however (though 
ever ſo imperfect and incorrect) have, as in paintings, the 
metit of a firſt ſketch, and a kind of ſpirit that is often loſt when 
the pictu re is correct iy finiſhed. If you confider the fatigue 
and hurry of 'the j Journey I have juſt been taking; and that in 
the midſt of the preparations for my other journey to England, 
which I propoſe to 'begin to-morrow, I have been writing this 
account, I ſhall hope then to be entitled to your indulgence 
for all its imperfeQtions *. But before I take my leave, I will 
juſt ſum up the reſult of my obſervations in Calabria and Si- 
_ ily, and give you my reaſons' for believing i that the preſent 
earthquakes are occaſioned by the operation of a volcano, the 
ſeat of which ſeems to lye deep, either under the bottom of 
the fea, between the ifland of Stromboli and the coaſt of Ca- 
labria, or under che parts of the plain towards * and 


* Quzramus ergo quid fit quodterram ab infimo moveat, — Kc. — He 

1 x quibus cauſis accidant digna res eſt excuti. See the whole fai ge very applicable 
| here, sENECA, Nat. Queſt. lib, VI. cap 4. 

| Terra 
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Term Nuova, ;.. 16 on a map of liaiy, and ith your compaſs 
on the ſcale of”. Italian miles, you were to meature off 22, and 
the then fixing your. central Point in the city of Oppido (which 
appeared ta me to be the f ſpot on which the earthquake had 
exerted its, greatoſt fares): form a cirele. (the radii qf which 

will be, 7 1 Joſt faid, 22 miles) you. will then, include all the 


abe e, that t have, been utterly ruined, and Tho pots 


pe, he: een. the-moſt rifle! alterations c on the fs of tha n 
Thben extend your co compals « on the ſame ſcale to 72 miles, pre- 
ſerving the tame « center, and. form another circle, you will in- 
clue the whole, of the country that has any mark of having 
been affecte ed by the earthquake. 4 plainly obſerved a gra- 
dation in the damage gone to the buildings, as alſo in the de- 
gree of .martality in propartion as the countries were more or 
leſs diſtant fi rom. this ſuppoſed center of the evil. One cir- 
dgunmſtance 1 particularly, remarked, if. tyre towns were ſituated 
dat an equal Ciſtance from, this center, the one on a hill, the 
10 Selene Plain, or in a bottom, the latter had always ſuf- 
eren atly. more by the 4 ſhocks. of the earthquakes than the 
7 proof to me of the cauſe coming from be- 
—_ 35 1 — naturally have been productive of ſuch 
an effect. ; And | haye. e.,xeaſon.. to belieye, that the bottom of 
dhe ea, being ſtill nearer; the volcanic cauſe, would be found 
(could it he ſeen) to have ſuffered even more than the plain itſelf; 
but (as yo⁰ will find in moſt of the accounts of the earthquake 
that are in the preſs, and which are numerous) the philoſo- 
phers, who do nat eaſily abandon their ancient ſyſtems, make 
. the preſent earthquakes | to proceed from the high mountains of 
the Apennines | that divide_ Calabria Ultra, tuch as the Monte 
Os: Monte Caulone, aud Aſpramonte; 1 would aſk. them 
< this 
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vertical ſhocks, or, in other work thoſe whoſe impulſe” was 
from the bottom upwards, have been the moſt deſtructive to 


Dejo, onte Caulone, or Aſpramonte'? In ſhort, the idea I 


have of the preſent | local earthquakes 1 is, that they have been 


cauſed by t the ſame kind of matter that gave birth to the Molian 


or Lipari iſlands; that, perhaps, an opening may have been 
made at the bottom of the ſea, and moſt probably between 


Stromboli and Calabria Ultra (for from that quarter all agree, 


that the ſubterraneous noiſes ſeem to have proceeded); and that 


the foundation of a new iſland or volcano may have been laid, 


though: 1 it may be ages, which to nature are but moments, be 
fore it 1s completed, and appears above the ſurface of the ſea, 
Nature is ever active; but her actions are, in general, carried 


on ſo very ſlowely, as ſcarcely to be perceived by mortal eye, 
or recorded in the very ſhort ſpace of what we call hiſtory, let 
it be ever ſo ancient. Perhaps, too, the whole deſtruction 1 


have been deſcribing may have proceeded ſimply from the exha- 
lations of confined vapours, generated by the fermentation 


of ſuch minerals as produce vclcanoes, wiuch have eſcaped. 


where they met with the leaſt reſiſtance, and muſt naturally 
in a greater degree have affected the plain than the high and 


more ſolid grounds around it, When the account of the 
Royal 


4 MS 0 N N 
* - T7. * * 
s oF o * 
L * * » 
= 

* 

- 

— 
| 


the * towns in the plain; did they proceed from Monte : 


n SD 8 » ad 
n T% _ 2 4 2 9 
N 1 * fg W C4 

i e — * L * 
Pp . 4 
. þ £ 
= 7 - 


_—_— x Sir grant vor 1 ie Kc. 


% 


RoyaliAcademy: of Naples is publiſhed, with maps, plans, and 


drawings, of the curious ſpots I have deſcribed, his rude, and 
imperfect account; will, I flatter myſelf, be of uſe: without 
the help of plans and drawings you well know, Sir, the great 
difficulty. there is in making one's ſelf intelligible on ſuch a 
ſubje&. The. incloſed letter, which I received whilſt I was in 
Calabria Ultra, from the Marquis Ippolito, a gentleman of 

Catanzaro, and an able naturaliſt, will give you the particulars 
of the phenomena that have been produced by the late earth · 
quakes in Calabria Citra, my time having permitted me to viſit 
only a part of that province. I once more: then crave your 
kind indulgence, and that of the members of our reſpectable 
Society, if you ſhould think Es to —— age ho 
. to them. 14 e 4 
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XII. Account of the Earthquate which happened in Calabria, 


March 28, 1783. Ina Letter from Count Franceſco I ppolito 
to Sir William Hamilton, Knight of the Bath, F. R. S. 5 
prefented by Sir William Hamilton. 


Read July 10, 1783. 


BXCBLLENZ A, 


UE STA parte del with regno & Napoli occupata un 


Calabria ſi appella, è ſtata ſempre un funeſto teatro del terri- 


bile fenomeno, che attualmente fi offerva e fi ſoffre. E pur 


recente la memoria de tremuoti avvenuti nel 1638 e nel 1659 
per 1 quali le due provincie della Calabria rimaſero quaſi intera- 
mente deſtrutte. Piu freſca & Videa che abbiamo del tremuoto 


accaduto nel 1743 in 44 che afflifle la noſtra nazione per lungo . 
ſpazio di tempo, ma ſenza ruina di città, ne perdita di citta- 
dini. In Reggio, e ne Paeſi all' intorno, i tremuoti quaſi ogni 
anno ſi fanno ſentire, che ſe riandar vogliamo le antiche me- 
morie, noi trovaremo ne ſecoli remoti, e della piu oſcura anti- 


chita, che tutta I Italia, ma con iſpezialita il noſtro regno, e 
ſopra tutto le noſtre provincie, anno ſofferte varie cataſtrofi avve- 


nute per li fuochi volcanici, e per lo ſcoppio delle ſotterranee ; 


accenſione. 11 culto religioſo de Bruzi, per quanto dalle Storie 
rilevaſi, veſtito di triſtezza, e di lutto, dimoſtra le funeſte im- 
preſſioni, che nell' animo di quei popoli, noſtri antenati, faceva 


Vol. LXXIII. Ee la 


tempo da Bruzi, e da molte Greche colonte, che ora 
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la ſpefla, ed orribile convulſione della terra. Ne poteva, ne 
può altrimente avvenire in queſte noſtre regioni : eſſendo eſſa 

interſecate dalla Catena degli Appennini, nel ſeno de quali 
altro non trovanſi, che Zolfi, Ferro, Carboni foſſili, Olio pe- 
rrblo, ed altre materie bituminoſe e corabuſtibili Pra 1 molti 
minerali, db cui abbondano, di Note debbono "fark delle fer- 
mentazioni, 'ed accenzioni ſotterranee. Boon per noi, che 


abbiamo nelle noſtre vicinanze varli volcani, 1 quali ſervir poſ- 


ſono di camini, per dar libero eſito, e sfogo al fuoco che ſotto à 
noſtri piedi ſi accende! 


Fra tanti famoſi Tremuoti, che queſte noſtre regions hanno 
ſofferti, occupar non dee Pultimo luogo quello, a cui ora ſog- 
giacia, o che fi riguardi la forza delle concuſſioni, e a di loro 


durata, o che fi. riguardino i 1 cambjamenti, prodotti nella ſ aper- 
18 * 


fizie della terra e la ruina di taute citta E vile, colla ve. &, 
0 circa quarantamila abbitan nti. Md Om 1 
b dacche fi ſentl 1a prima orribile ſcoff de 5 Febraio, co- 
minciai 2 notare in 1 un diario 1 non ſolo le convulfioni, the gior- 
nalinente fi ſono dalla terra patite, ma exiandio le meteore 
tutte, che da quell epoca in qua fi ſono giornalmiente offervate 
nell' atmosfera. Languſtia del tempo non mi permette di 
traſcriverlo, e mandarlo a voſtra eccellenza, ma reſtringendo i in 
poche parole quanto nel medeſimo fi contiene, poſſo afficyrarla, 
che dal cennato di del 5 F *ebbraio inſino a queſt? ora le ſcoſſe ſono 
ſtate ſempre ſpeſſiflime, 6 quaſi ogni giorno, or ondolando la 
terra, or ſoceotendofi, or movendofi vorticoſamente i in maniera, 
che ci parea di eſſere allora ſopra un naviglio agitato, e com- 
f moſſo da flutti tempeſtoſi. In queſta ſerie continuata di tremuoti | 
non debbo laſciare di far oſſervare a voſtra eccellenza, che le 
piu notabili, e grandi accenſioni ſono ſeguite a di 5 Febbraio 
circa le ore 194 q Italia; a di 77 dello ſteſſo meſe verſo le ore 204, 
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4 4728 del Tüd. Febbraib cirta Ie öre 8 dell notte ſeducnte ; e 
Fnalmdente a di 28 di Marzo verſo Pera 11 della ſera. —_ 
ſudette qua attro acceñſioni, per quanto : puoſſi da former, 
dagli effetti 'prodotti- 6onjett urare,' 'procedendo ſempre Aal ba. 
tefla de Monti, elle da Reggio a f nor vengono, hanno rb lotto 
quattro diverſe efßlohoni in "quittro Tris divefſi della Cala- 
bria. Le tre pritnie furono in. quella parte della Provincia, in 
cui voſtra 'Ece llenza di preſente fi-trova, e per cui dovra ella 
paſfare 2 andando in Meſſina. Queſte eſploſioni diverſt funeſti 
effetti Produſſero. Città, e ville rovinate, monti ſcoppiari, 
grandi fenditure di terra, nuovi gorghi di acque, antichi Tivoli 
ſprofondati | E diſperſi, fiumĩ trattenuti, terreni abbaſſa lati, pic- 
cioli monticelli nuovamente formati, pianite ſbarbicate e e Jungi 
traſportate dal primiero loro ſito, terre vedute muoverſi roto- 
lando per lungs tratto, Animal ed uomini dalla terra ingdjati. 
Ma io mi altengo di farne a voſtra excellenza un minuto det- 
taglio. Ella colla propria Hpezione, e colle relazioni' de teſti- 
moni oculari di tali fenbmeni, che coſtà tra facilmente avete, 
fer ne formerà una ſtoria veridica; non poſſo pers ne debbo f. 
Gar! di dirle, Be fra thitt* i fendmeni in coteſte parte accaduti, 
il pid notabile e quello che ne ldi di Scilla & di Bagnara avveflne. 
Oele 5 arte 1 = che "trabboced ' firaordinariamerite in 
quelle 1 ed ingojo d più migliaja di üomini, che quivi ſi 
eradno rifoppiati; fi Tcniti talchente calda, the ſcotto quei pochi, 
che dall improvifo inondämento ſalvarönſi, Become anche per 
bocca dell' ectetlentiffitno Sig. Vicario Generale ho ſaputo. 

_ ding ge mi tratterrd ſolo a harrarvi in brieve gli effẽtti dell 
ultima cſploione de 28 d. Mafzo, la qua ale, ſemza altro dovette 
avvenire da un accenholie fattafi flelle viſcere della terra in queſti 
noſtri contorni, e preciſamente ne Monti, che vengono a traver- 
lare 1] collo della noſtra Peniſola formita dai duefiumi, Lämieto, il 
E e 2 quale 


N N ener - ad . 
— 3 3» WIE (9 A F 4 Oy” . 
* - : Py 
* ; . 2 \ 

* 5 = ' HS ' 4 

oy 1 4 v 
* 


* 8 
* » 
' = 
OF 


"an un at - - 
 quale "EY nel golfo di St. Eufemia, e HY * Geek 
nel mare Tonio, e proprio nel ſeno di Squillace. Tanto ne di- 
| moſtrano: i i fenomeni da queſta ultima concuſſione prodotti, de 
_ quali ho Vonoxe di fare un dettaglio a voſtra eccellenza. 
Queſta ſcoſſa, come tutte le altre, dimoſtrò farſi per la dire- 
| zione di Ponente-Lebeccio venendo a noi. Incominciò ſulle 
prime ad ondolare la terra, quindi fi concuſſe, finalmente fi 
| moſle vorticoſamente in guiſa, che molti ſtando all impicdi, o 
caddero, o mal poterono reggerſi ſulle piante. Durò la terri- 
bile convulſione circa minuti dieci fecondi,, alla quale ſueceſ- 
ſero delle altre men forti, di minor durata, e di ſola oudola- 
zione, coſiché per tutta la notte, e per la met4 del giorno ſe- 
guente, prima per ogni 5 minuti, e poi * 55 quadrante di 
ora la terra ſi moſſe. 275 
Un terribile ſotterraneo 00 precedette 8 Fl ac- 
| compagnò la ſopradetta concuſſione, la quale terminò final- 
mente con un tuono piu intenſo ſimile a quello che ſi farebbe da 
una mina, che ſcoppia. Simili tuoni accompagnarono eoſtan- 
temente non ſolo le ſcoſſe avvenute nella notte, e giorno ſe- 
guente, maà quelle eziandio, che ſi ſono ſino a queſt' ora ſentite; 
che anzi hi ſono uditi alle volte de mugiti ſenza concuſſione al- 
cuna di terra, e prima di 28 Marzo delle noſtre vicine Mon- 
tagne s udivano ſtrepiti e fragori, come tanti ſpari di Bombarde. 
Lu gere era coverto di. nuvole, ed agitato da gagliardi venti oc- 
ne i quali poco prima, che ſeguiſſe Vorrenda ſcoſſa, eranſi 
tutt'4 un colpo calmati: ma immediatemente dopo di queſta anche 
tutt' à un colpo riſorſero, e Poco dopo quietaronſi. Vi furono 
non dimeno nell' atmosfera in tutta quella notte delle ſpeſſe, e 
ſubitanee mutazioni;. ora» nuvoloſo il Cielo moſtrandoſi, ora 
ſereno, ora ſpirando un vento, ora un altro, ſempre però dalla 


| Naga ripoſta tra ſud e Oueſt. 
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7 5 quella norte e vw" vicinanze 01 queſts: citta verſo: 
1 marina, in cui fi eſteſe Veſploſiene,: nell atto del tremuoto fi 
veddero delle ſiammelle uſcir dalla terra, in maniera, che vari- 
contadini ſorpreſi da timore, fi diedero alla fuga: e queſte 
fiamme fi videro preciſamente ſortire da un luogo, da cui giorni 
avanti un certo ſtraordinario calore tramandavaſi. 
Dopo la gran concuſſione comparve nell aria verſo Toriente 
una fiamma biſlunga, albicante, ſimile al fuoco elettrico, che ſi 
ſoſtenne per lo ſpazio di due ore im circa. 
Al terribile ſcoppio vari. Paeſi, e città rimaſero abbattute, e 
ſpecialmente quelli, che ſono ſituati nelle vicinanze, e nel collo 
ſteſſo della noſtra Peniſola, procedendo da Tiriolo ſino al fiume 
Angitola, e che niun danno aveano da precedenti tremuoti ſof- 
ferto. Curinga, Majda,. Cortale, Girifalco, Borgia, St: Floro, 
Settingiano, Marcellinara, Tiriolo, ed altri Paeſi di minor 
conto furono preſſochẽ interamente diſtrutti ma con perdita di 
poca gente, ſe non che in Majda, Cortale, e Bomi⸗ più centi- 
naja rimaſero vittime delle rs... 
| Quelli ſteſſi effetti che i primi tremuotiĩ cagionato a aveano in 
quei luoghi ove trovaſi voſtra eccellenza 3 anche ae 
dall' ultimo tremuoto in queſte noſtre Contrade. Furono molte 
Colline ove aperte, ove ſpianate. Molte aperture incontranſt 
fatte nella terra per tutta la ſuperfizie ripoſta tra le due valli de 
fiumi Corace, e Lameto procedendo verſo il fiume Angitola. 
Da molte di queſte aperture ſgorgò per pid ore acqua Copiaſa 
tramandata, o dalle ſotterranee concamerazioni, o dall” iſteſſi 
fiumi, vicino a quali venne a ſvenarſi la terra. Da una di eſſe 
fatta nel territorio di Borgia, diſtante circa un miglio dal mare, 
uſci. copioſamente dell' acqua ſalza per pm giorni, la quale 
ſgorgando imitava 1 vari moti dell' onda ſteſſa marina. Dalle 
aperture fatteſi nelle pianure di Majda ſgorgò dell acqua calda ;- 
* 


| * 


„ — : 
6A" dir hem "To, I Föfſe Ati bergie, 8 Wall 
telle ſotterranea aceHLin²e. 

E ancor d'avertirſi, che da ql ifleſe Feffure, dalle qual 
apparve fgorgar dell acqua, i tramandò delP arena tenuiffir ima, 
ode biggia, ove” Bialliecla, 'ove biant aſtra, 1a quale per la fta 
eſtrema ſottigliez24 'Jexibra quaſi un Sähbibne. Di ſi fatte 
arene ho i0 avuta la ſola biggia, nelle _ Vn \Ehiatainent 
framiſchiata parte di ferro. | m 
Si è in oltre oſſervato, che nelle parti Ane, ove fi è fattz 
Teſploſtone, tratto tratto s incontrano delle aperture in forma di 
cono inverſo, dalle quali & anche uſcita dell' acqua; loche 
par che 'dimeſtri eſſere quindi ſcappato un fibcco di fuoco elet- 
*trico. Feſſure di tal forma s. incontrauo ſpeeialmente kungo le 
rive del ume Lameto della ful itaboccatura f 11 qua 1 pit 
ü miglia. | | 

Tk fenoment, che e bees etre e ſeguir oh6 Ul tinte de 
28 Marzo ſono degni di offervazione i due ſeguenti. Nel 
giorno ſteſſo in Majda Tacqua ſorgiva di uh pozzo, che prima 
beveaſi, fi trovò thfttta'di un diſguſtevole ſapore ſulfureo, che 
Anche proibiva iI fiütatla. In Catanzaro All” incontro dopo il 
tremudto ſudetto Taequa h un PC zo, che prima non potea 
uſarſi, perche di un fapor caleindf6, fi è poſcia refa' puriflitna, 
hep au woven fehecrhiente, th mag Wen nel ttetnubtt de 28 
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Ae bhi a molte altte tie Toth Teabiite ol rake Rar, 
dove non etaris altra volta compatſe; ; che aHzi ſons! no'EbHiÞarſe 
delle nuove ſorgeiti mineral, Bi cui hon vi ccd Sligo, chme 
2 a venuto in Etopani Pucſe del Mittheſits. Ma ordinaria- 
mientè le fontane ſi fond reſe pi ponkie, e pid edpiofe, Sit ande 
acqua in un *r volume el 5 folito; SEE 
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imo; . h pid notabjle e e quella che ayvenne nel. keto el. fume, 
di Borg ia, ove, Alzata, fi vege una . Nuova. collinetra, alta circa 
tredici palmi, larga venti nella ſua baſe, e lunga circa gucento 
palmi. Finalmente nelle vicinanze del Gums Lamets, e pre- 
ciſamente nell diſtretto della terra detta di Amato, tutto ſbar- 
bicato dal tremuoto, vedeſi un oliveto, e vedeſi ancora, che la 
ſuperfizie di tal fondo ne fü rivoltata vorticoſamente, come in 
coteſte contrade in varii luoghi avenne nè primi tremuoti. 
Queſti ſono 1 pm notabili fenonemi avvenuti in queſta noſtra 
reggione per lo fatale tremuoto de 28 Marzo, e che giunte ſono 
fin ora a mia notizia. Mi credo però nell' obligo di ſoggiun- 
gere a voſtra eccellenza, che queſta funeſta cataſtrofe dell afflitta 
noſtra provincia, fu preceduta da grandi, ed inſoliti giacci avve- 
nuti nell' inverno del 1782; da ſtraordinaria ficcitd, e da inſof- 
fribili calori nella primavera ed eſtate del medeſimo anno; da 
grandi, copioſe, e continue pioggie cadute nell autunno, e 
continuate per tutto Gennaio dell' anno corrente. Fra queſte 
dirotte pioggie, non iſcoppid quaſi mai tuono ne fulmine ; ed 
in queſta città, in cui togliono ſempre ſoffiar con gagliardia i 
vent, per tutto queſto tratto di tempo, o di raro, o leggier- 
mente fi fecero ſentire; ma poi nel principiar del tremuoto, 
diſſerraronſi con maſſimo impeto, e furore, accompagnati ora da 
pioggia, ora da gragnuola. Molto tempo prima che ſi ſcoteſſe 
la terra, videſi il mare gonfio ed elevato, ſenza che vi fuſſe 
vento, onde veniſſero le ſue onde agitate, in guiſa che 1 peſca- 
tori ſteſſi non ardivano di entrarvi. I noſtre volcani per 
quanto 


ob Count teyoLr® fro! $ Hibs of, &c. p 
| quanto aſſeverantemente mi ſi è riferito, per unge f pazio prima 
non aveano affatto eruttato. Ma VEtna eruttò ne primi tre- 
muoti, e Stromboli fece vedere il ſuo fuoco negli ultimi. Or 
voglia il Cielo, che la terra rimettaſi al fine nella ſua perduta 
fermezza, ed abbia a tornare a noi il perduto equilibrio tanto 
nell ordine fiſico, che morale. In tanto con profondo riſpetto 


all raflegno. TO Ou: | fo” 
Di voſtra eccellenza, &c. | 
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the Turnips in N orfalk. By William — EA. MA 
Letter to Charles Morton, M. P. F. R, ol Ust o. 15 01 i 
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FEW months after you did me the honour of preſent« 
ing my minutes of agriculture to the Britiſh Muſeum, L 
came down into Norfolk, as agent to Sir HAR BORD.HARBORD. 
To a perſon intelligent in matters of apriculture i it would be 
ſuperfluous to ſay, that Norfolk is celebrated for good huſbands 
men; or that the turnip crop is the baſis of the Norfolk 


huſbandry. IF a Norfolk farmer loſes his crop of turnips, his 
farm is injured for ſeveral. ſucceeding years; for it is not only 
the loſs of the immediate profit, which would otherwiſe have 
ariſen to him from his bullocks, but his land is deprived of 
the conſequent, manure and trampling (eſteemed highly bene - 
ficial to the light lands of this county) on which uu fprure 
Crops of corn are eſſentially dependant. | 

Among the numerous enemies to which turnips are lids 
none have proved more fatal here than the Black Canker (a 
ſpecies, of Caterpillar) which in ſome years have been fo nu- 
merous as to cut off the farmer's hopes in a few days. In 
other years, however, the damage has been little, and in 
others nothing, About twenty years ago the whole country 
Vol. LXXIII. F'f was 


a 11 ManknAth's Fccount of - 
was nearly ripped ; and this year it has been ſubjected to a 
ſimilar fate. Many thouſands of acres, upon which a fairer 
proſpect for a crop of L has not been ſeen for many years, 
bave Been plowet up; and as, from the ſeaſon being now far 
ſhefit,: Ittle profit can be expected from 7 a ſecond ſowing ; : "the 
loſs to the farmers; wee, will be very confiderable, and 
to the county immenſe. 
i was obſerved in the 8 above mentioned, chat, 
prior to the appearanęe: of the caterpillars; great numbers of 
yellow flies were ſeen buſy among the turnip plants; and it 
wanithen ſuſpected, that the canker was the caterpillar ſtate of 
the yellow fly; and fince that time it has been remarked, that 
canikersthave regularly followed the appearance of 'thefe flies. 
From their more frequently appearing on the ſea-coaſt; and 
from” 'the vaſt Quantities which have, I believe, at different 
times „ been obſerved on the beach waſhed up by the tide; it 
Mas Deen a received "opinion among the farmers, that they are 
= not natives of this country, but ' come acroſs the ocean, and 
obſervations this year greatly corroborate the idea. Fiſhermen 
upon the eaſtern coaſt declare, that they actually ſaw them 
arrive in cloud: like flights; and from the teſtimony of many, 
it ſeems to be an indiſputable fact, that they firſt made their 
appearance on the eaſtern coaſt ; and, moreover, that on their 
firſt being obſerved, they lay upon and near the cliffs ſo thick 
and ſo languid, that they might have been collected into heaps; 
lying, it is faid, in fome places two inches thick. From 
thence they proceeded into the country, and even at the diſtance 
of three or four miles from the coaſt they were feen in. multi- 
tudes reſembling ſwarms of bees. About ten days after the 
appearance of the flies, the young caterpillars were firſt ob- 


ſerved on the under ſides of the leaves of the turnips, and in 
ſeven 


the Black Canker Cutepillar 2139 


ſeven or eight days more, the entire plants, except the ſtronger | 
fibres, were eaten up. A border under the hedge Was regularly d 
ſpared until the body of the, ineloſure was finiſhed but this 
done, the border was ſoon ſtripped, and the gateway, and even 
the roads have been ſeen covered with caterpillars travelling in 
queſt of a freſh ſupply of turnips; for the graſſes, and indeed 
every plant, except the turnip and the charlock (ſinapis ar- 
venſis) they entirely neglect, and even die at their roots, with- 
out attempting to feed upon them. This deſtruction has not 
been confined within a few miles of the eaſtern coaſt, but has 
reached, more or leſs, into the very center of the county, 
The miſchief, however, in the weſtern parts of Norfolk, and 
even on the north coaſt; has been leſs general; but I am afraid 
it may be ſaid, with a great deal of truth, that one half of 
_ the gray in the. county have been cut off by this — 2 
animal . . | 

A . 90 e to induſtry, and en to 
the public at large, will, I flatter: myfelf, Sir, be thought a a 
ſufficient apology. for my troublin g you with a relation of it, 
and for my taking the liberty of ſending you a male and a 
female Ay; alſo one: of the animals in its caterpillar, and one 
which is in its chryſalis ſtate, for your inſpection, hoping that 
the public may become acquainted with the mee of Fer 
venting in-future ſo great a calamity. Le a 

Leeſt the flies may become disfigured in i it may be 
2 to ſay, that their wings are four; that their antennæ 
are clubbed, and about one-third of the length of their bady, 
each being compoſed of nine joints, namely, two next the 
- head, above which tyo there is a joint ſomewhat longer than 
. the reſt, and above this fix more joints, ſimilar, to the twg; de⸗ 


low; that near the point of the tail of the female, there is a 
1 FEW 5 black 
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5 5 black fpeck, burwardly fringed with hair; but which; opening 


„es, eee eee eee, 


ngitudmally, appears to be the end of a caſe, containing a 

delicate pohmt er ſting (about ons- twentieth of au inch iu 
length) which on ta curſory view” appears to be a fimple lan- 
colated inſtrument, with a ſtrong line paſſing down the mid: 
die, and ſerrated at its edges; but, on a cloſer inſpection, and 
by agitating) it ſtrongly with the point of a needle, it ſeparates | 
tc three ohe edged inſtrurvents, hanget-like as to theit gene- 
N tal fort, with a'f{piral line of writikle winding from the point 
to the bäſe, making ten or twelve revolutions, Which line, 
alſing _ their edges, gives ther ſore . of . 

rrated. 1 

By the 1 of theſe nee I approbond, the Serbe 
her eggs 1 in the edge of the turnip-leaf (or ſometimes, 
perhaps, in the netves of ribs on the under ſurface of the 
leaf); thus far I can ſay, and I think with a conſiderable de- 
-prec of certainty, that having put ſome freſh turnip leaves into a 
Flafs containing ſeveral of the male and female flies, 1 perceived 
(by the means of a ſimple magnifier) that one of the females, 
after examining attentively the edge of the leaf, and finding a 
Patt which appeared to me to have been bitten, unſheathed her 
- inſtruments, inſinuated them into the edge of the leaf, and 
having forced them aſunder ſo as to open a pipe or channel 
between them, placed her pubes (the ſituation of which from 
repeated and almoſt inceſſant copulations 1 had been able to aſcer- 
rain preciſely, and to the lower part of which theſe inſtruments 
ſeem to be fixed) to the orifice, and having remained a few 
ſeconds in that poſture, deliberately drew out the inſtruments 
(which the tranſparency of the leaf held againſt a ſtrong light 
afforded me an opportunity of ſeeing very plainly) and pro- 
ceeded to ſearch for another convenient place for her ps. 
The 


- tbe Black Cases Caterpillar. 1 224 
The caterpillar has twenty feet (ſix of its legs being of con- 
* Gderabls length, the other fourteefr very. ſhort) and in its firſt 
ſtage is of a jetty black, ſmooth as to a privation of hair, but 
covered with innumerable wrinkles. Having acquired: its full. 
ſize, it fixes its binder parts firmly to the leaf of a turnip, or 
any other ſubſtance, and breaking its outer coat or ſlough ner 
the head, crawls out, leaving the ſkin fixed to the leaf, &c. 
The under coat, which it now appears in, is of a blueiſh or 
lead colour, and the caterpillar is evidently diminiſhed in its ſize. 
In every reſpect it is the ſame animal as before, and continues to 
feed on the turnips for ſome days longer: it then entirely leaves 
off eating, and becomes covered with a dewy moiſture, which 
ſeems to exſude from it in great abundance, and appearing to be 
of a glutinous nature, retains any looſe or pliant ſubſtance 
which happens to come in contact with it, and by this means 


in the fold of a withered turnip leaf (that which I have the 
| honour of inclofing vou) was, among fix others, formed by 
| putting common garden mould to then while le they were in the 
exſudatory ſtate above deſeribed. 
From the genetic charafters of he 171 1 elo it to bs. a 
Tenthredo of H1LL..; but Whether that voluminous author be 
ſufficiently accurate; or whether, from being an almoſt entire 
ſtranger to natural hiſtory, I may, or may not, ſufficiently 
underſtand my book, I muſt beg leave to ſubmit to your ſupe- 
rior knowledge of the ſubject. 
I am endeavouring to extend my obſervations on theſe inſects, 
and am making ſome experiments concerning them, the reſult 
of which 1 ſhould be extremely happy in being permitted to 


communicate to you; and it may be proper to add here, that 
1 I ſhould 


3 alone ſeems to form..ats. chryſalis coat. One I find laid up 


* 
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1 ſhould not have taken the liberty of troubling you prema - 
turely with this letter, had 1 not luekily met with an opportu- 
nity of procuring ſome live flies (which are now become very 
ſcarce); 4 bs flatter myſelf they will come to yqur hands in 2 
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XIV. 4 Letter from Mr. Edward Pe” F, K. 8. ” Sir Jokeply 
Banks, Bart. P. R. S. containing an e 2 Wire being, | 
— s mn sc e blay-vods e 
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Read F cbriary 3. 1 2b; 


918, 


JL the Philoſophical Tranſa&tions for the year 4 vol: 
I LXX. are printed fome experiments of mine, ſhewing the 
method of ſhortening of wire by the effect of electricity. F 
have ſince met with a ſimilar circumſtance: produeed by light- 
ning; and, if the following account ſhould meet with your ap- 
printing ſhould 'be happy to. bays it 3 to d-the 
Society. 


On the 18th. of, * s 110 2 PARKER”: 8 Wende at Stoke 


Newington was ſtruck by lightning, Fa, two. and three- 
o' clock in the aſternoen- The lightning; paſſed down -the 
leaden pipe without fide the houſe, Which pipe did not reach. 
to the ground by: about ten feet. Here the lightning ſtruck 
from one of the nails which faſtened this. leaden pipe to the 
wall to the end of aà crank iron that was drove in the wall op- 
poſite 1 it, withinſide the room; and to which was faſtened. the 
wire of a night - bolt, rather thicker than uſual. This wire 
was ſo very looſe before the accident happened, that the bolt 
could not be raiſed by the handle at the bed- ſide, ſo that they 
were obliged every night to take hold of the bolt itſelf to lift 
it up to faſten the door; but on the night after the accident 
had happened, they, on going to bed, went to, raiſe the bolt 
WP. as uſual, to ſecure. their chamber-door, when, to their 
0 great: 
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 breat ſurprize, they found the bolt drawn up; and oh trying 
to pull it down, they could not with all their ſtrength. It 
being a particular acquaintance of mine, they ſent for me. 1 
went the next day, and not only found the bolt drawn up, but 
the wire, which they told me before was very Jooſe, and much 
bent, was drawn very ſtraight, and fo tight, that when ſtruck 
8 produced a muſical. tone. The wire was judged to be 
ſhortened ſeveral inches ; for, had the wire before the accident 
been ſtraight, it muſt have ſhortened it above two wicker to 
have drawn the bolt up. 
The whole length of the wire from hb 1036 to * bole 
vas about thirty feet; but the part of the wire on which the 
1 lightning paſſed was about fifteen feet. 
Near the crank iron that was directly over the dd were two 4 
wires; which paſſed through the wainſcot to a fingle one be- 
longing to an alarm. The lightning paſſed theſe two wires, 
without damaging chem; but the ſingle one was partly diſperſed = 
into ſmoke, blackening all che wainſcot near it; alſo a great deal 
was melted into glabules, which globules we found by a magnet. 
This was the firſt inſtance (and, I muſt own, it agreeably 
e me) that I had ever met with of wire being con- 
tracted or ſhortened by the effect of lightning, though I have 
now not the leaſt doubt, but that it is always the caſe; and 
that is the reaſon that we find them moſtly broke where the 
Shining has pafled, if it does not melt them. I have often 
Hhortened wire by electricity, an account of which 1 gave to 
che Royal Society as before mentioned. 
I have brought a piece of wire belongin o 1 to the night-bolt, 
and alſo ſome of the globules, for the inſpection of the _ 


1 have band honour co be, . 
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7 


7 Wire by Lightning 
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POSTSCRIPT, . 
Being deſirous of knowing whether the lightning bade any 


ways altered the property of the iron by melting it into 5 
globules, I applied to the hon. Mr. cavenvisn, © who very 
_ obligingly tried them with different acids, and found that they 
ſcarcely ſhewed any ſigns of efferveſcence even when heated 
cover the fire. He next tried ſome iron filings, which he put 
to ſome of the ſame acid; theſe not only cauſed an efferveſ- 
cence, but were intirely diſſolved. 

He alſo tried the pieces of ſteel. ſtruck off by ſtriking a light, 
which being ſeparated by a magnet from the pieces of flint ef- 
ferveſced with the ſame acids, and diffolved almoſt intirely, 

only half a grain being left out of eighteen, and theſe conſiſted 


2 of thoſe Pune that Were. melted 1 in globules, 
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XV. An ren of Anbergriſe, by Dr. Scipediqrer ; : 


| preſented by Sir Joſeph Banks, P. K. S. 


- -3 £4 4 Nead February 13, 1783. 


 MBERGRISE, or properly foeakiny Grey Amber, is a 
ſolid, opaque, inflammable ſubſtance, of a white grey, 
See of a blackiſh colour, which melted or inflamed yields 


a peculiar ſmell, agreeable to moſt perſons, but ditagreeable to 
others. 


As it occurs in the ſhops, it varies in its conſiſtence, accord- 
ing as it has been expoſed to a warmer or colder air, It is a 
hard brittle ſubſtance, yet not ſo hard as to admit a poliſh; nor 
has it, like ſuccinum, a poliſhed appearance or tranſparency. 

On ſcraping it with a knife into powder, part of it adheres to 
the cold ſtcel like wax; fo it does alſo to the teeth, if maſti- 
cated ; it yields alto the impreſſion of the nail; it has no pecu- 
lar but rather an earthy taſte when chewed. 

It has in its natural ſtate a peculiar ſtrong ſmell. The older 
it grows the more it ſeems to become agreeable. This ſmell 


is rendered more ſenſible by rubbing it with the fingers, or by 
buruing or melting it. 


It 
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It melts i in a moderate degree of heat into a blackiſh thick 
all and then ſmoaks, ſkyms, and flies by degrees entirely off, 
without leaving any coal behind; ſo it does likewiſe when put 
upon any heated metal, leaving only a black ſpot upon it: 
when the metal is red-hot, it melts and inflames inſtautane- 
ouſly, ſmoaks ſtrongly, and flies ſpcedily off, without leaving 
the leaſt mark behind. When. brought near a burning candle 
it catches fire immediately, and burns with a clear bright flanie 
till 1 it is con ſumed. A red-hot needle eaſily penetrates through 
its ſubſtance, a blackiſh oil then exſudes, but no part of it 
ſeems to adhere to the needle; the needle, how ever, feels af- 
terwards as if it had been put into wax. 

It is fo light, that it fwims not only * the ſea, bat alfo on 
the ſurface of freſh water. 

Its colour is white grey, or „ or blackiſh, uhh fiſt of 
which i 18 eſteemed the beſt. All ambergriſe, when kept for a 
certain time, is covered with a kind of white grey duſt like 
chocolate. When broken it appears to be of a granulated tex- 
ture; and in ſome pieces it ſeems to be laid on in ſtrata. 
It feels rather rough when firſt touched, but, when rubbed 
with the finger, it feels like hard ſoap, or rather like that d 
of ſtone which the mineralogiſts call Smectis. * 

It is found ſwimming upon the ſea, or the ſea-coalt.- or in the 
ſand near the ſea-coaſt; eſpecially in the Atlantic Ocean, on the- 
ſea-coaſt of Braſil, and that of Madagaſcar; on the coaſt of Afri- 
ca, of the Eaſt Indies, China, Japan, and the Molucca Hlands ; 
but moſt of the ambergriſe which is brought to England comes. 
from the Bahama Iſlands, from Providence, &c. where it is 
found on the coaſt. It i is alſo ſometimes found in the abdomen. 
of whales by the whale-fiſhermen, always in lumps of various 
ſhapes and fizes, weighing from half an ounce to. an hundred 
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and more pounds. The piece, which the Dutch Faft India 
Company bought from the King of Tydor, weighed 182 
pounds. An American fiſherman from Antigua found ſome 

years ago, about 52 leagues ſouth-eaſt from the Windward 

Iflands, a a piece of ambergriſe in a whale, which weighed about 
. 30 pounds, and fold for five hundred pounds ſterling. 
We are told by all writers on ambergriſe, that ſometimes 
claws and beaks of birds, feathers of birds, parts of vegetables, 
ſhells; fiſh, and bones of fiſh, are found in the middle of it, 
or variouſly mixed with it; but of a very large quantity of 
pieces which I have ſeen, and which J have carefully exa- 
mined, I have found none that contained any ſuch thing, 
though I do not deny, that ſuch ſubſtances may ſometimes 
be found in it ; but the circumſtance which to me ſeems to be 
the moſt remarkable, is, that in all the pieces of ambergriſc of 
any conſiderable fize, whether found on the fea, or in the 
whale, which I have ſeen, I have conſtantly found a conſidera- 
ble quantity of black ſpots, which, after the moſt careful exa- 


mination, appear to be the beaks of the Sepia Octopodia. 
Theſe beaks ſeem to be the ſubſtances which have hitherto been 


always miſtaken for claws or beaks of birds, or for ſhells. 
Having collected a pretty large quantity of them, I beg leave 

to preſent to the Royal Society ſome ſpecimens, in which the 

whole ſtructure of theſe beaks is extremely well preſerved. 


They are accompanied by a beak which Sir JOSEPH BANKS per- 
mitted me to take from a cuttle fiſh in his collection, fo that 
any gentleman, who will be at the pains to compare them toge- 


ther, will be enabled to convince himſelf of the truth of what 
J have advanced. 


The preſence of theſe beaks in ambergriſe proves evidently, 
that all ambergriſe contaming them is in its origin, or muſt 
58 have 


Y 


* 
— 
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have. deen once, of a very ſoft or liquid nature, as otherwiſe 
thoſe. beaks could not fo conſtantly be intermixed with it 
throughout 1 its whole ſubſtance. 

In order to come now more cloſely to the point propoſed (viz. 
to determine the origin and nature of ambergriſe), let us recol- 
lect ſome of the principal facts relative to its natural hiſtory, 

That ambergriſe is found either upon the ſea and ſea · coaſt, 
ot in the bowels of whales, is a matter of fact, which, I be- 
leve, is univerſally credited. But it has never been examined 5 
into and determined, whether the ambergriſe found upon the 
fea and ſea- ooaſt is the ſame as that found in the whale, or whe- 
her they are different from one another? Whether that found 
on the ſea or ſea-coaſt has ſome properties, or conſtituent parts, - 
which that found in the whale has not? And laſtly, Whether 
that found in the whale is ſuperior or inferior 1 in its qualities and 
value to the former? 

It is likewiſe 2 matter ”, conſequence to bow, Whether 
ambergriſe is found in all kinds of whales, or only in a parti 

cular ſpecies of them? Whether it is conſtantly and always to 
be met with in thoſe animals? And, if fo, i in what part of their 
body it is to be found? 

It is further-a matter of enquiry, Wiicther, on thoſe coaſts 
where ambergriſe is found, there are alſo conſtantly, or only 
accidentally, whales to be met with? Whether rd is 
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che wake are there cuts amber i is to be met a 
there? 

It ought likewiſe to „be inveſtigated, Whether all ambergriſe 
is of the ſame mineral or animal origin? If of the former, 
whether it 1s ſwallowed by the whale, and digeſted or changed 
in ſome manner in its ſtomach? Or, if of the latter, whether 
17 
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it is an animal production generated i in the ſtomach as a kind of 
* bezoar, according t to n ; or ſecreted in a peculiar bag, ac⸗ 
cording to DUDLEY, &c.? Or laſtly, Whether it is, Ronen 
to uren, the excrement or dung of the whale? 
All thefe queſtions. ought to be diſcuſſed and preciſely an- 
ſwered, before we can determine any thing with certainty 
about the origin of ambergriſe. Ne 3 1 
"= order to clear up this point, we muſt apply t to the perſons 
who are employed in procuring and ſelling ambergriſe. | This 
is what I have had All opportunity of doing through: the kind- 
neſs of Sir JOSEPH | BANKS, baronet, whoſe zeal to promote 
every part of uſeful knowledge 1 is fo generally known and ac- 
knowledged by the public. Sir JOSEPH very obligingly pro- 
cured me the acquaintance of two captains of ſhips, men of 
good ſenſe and veracity, who offered to tell me every thing they 
knew about the matter, and who began with aſſuring me that 
they would ſpeak only as to what they themſelves had ſeen, and 
thar not once only, but repeatedly, as. they have both of them 
been employed many years in what is called in England the 
- South Fiſhery. I have fince had an opportunity of converſing 
on the ſame ſubject with : an intelligent native of New England, 
who before the preſent war broke out was employed for ſeveral 
years in the ſpermaceti-whale fiſhery from Boſton. F. rom theſe 
three perſons I have collected the following facts: 
Ammbergriſe is ſometimes found in the belly a the whale, 
but in that particular ſpecies only which is called the ſpermaceti 
whale, and which from its deſcription and delineation appears 
to be the Phyſeter Macrocephalus Linnæi. 
The New England fiſhermen, according to their account, 
have long known that ambergriſe is to be found in the ſperma- 
ceti whale; and they are ſo convinced of this fact, that when - 


ever 
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ever de hear of a place where ambergriſe 3s found, they al- 
ways conclude that the ſeas in that part are frequented by this 
ſpecies of whale. It was for this reaſon that a gentleman at 
Boſton, upon hearing ſeveral years ago that ambergriſe was 
frequently found on the coaſt of Madagaſcar, immediately 
propoſed a plan for a ſpermaceti-whale fiſhery in that part 
of the world. And the two perſons I converſed with on 
this ſubject have not the leaſt doubt but he would have 
ſocceeded in the attempt, had not the Eaſt India Company 
fruſtrated the project, by pretending, that as it was in their : 
territory the right of fiſhery could belong only to them. 
This was all 1 did, however, as the on itſelf they never 
| adopted. 

The perſons who are employed! in the ſpermaceti-whale fiſh-" 
ery, confine their views to the Phyſeter Macrocephalus. They 
look for ambergriſe in all the ſpermaceti-whales they catch, but 
it ſeldom happens that they find any. Whenever they hook 3 
ſpermaceti-whale, they obſerve, that it conſtantly not only 

vomits up whatever it has in its ſtomach, but alſo generally 
diſcharges 1 its fæces at the ſame time; and if this latter cir- 
cunſtance takes place, they are generally diſappointed 1 in find- | 
ing ambergriſe in its belly. But whenever they diſcover a ſper- 
maceti-whale, male or female, which ſeems torpid and ſickly, 
they are always pretty ſure to find ambergriſe, as the whale 1 in 
this ſtate ſeldom voids its fœces upon being hooked. They | 
likewiſe generally meet with it in the dead ſpermaceti-whales ? 
which they ſometimes find floating on the ſea. It is oblerved | 
alſo, that the whale, in which they find ambergriſe, often has 
amorbid protuberance; or, as they expreſs | it, a kind of gathering | 
in the lower part of its belly, in which, if cut open, ambergriſe is 
found. It is obſerved, that all theſe whales, it in whoſe bowels am- 
i bergriſe 


* 
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| bergriſe j 18 found, ſeem not only tarpid and lick, but are alſo. eon · 

ſtantly leaner than others ; ; ſo that, if we may judge from the 
conſtant union of theſe two circumſtances, i it would ſeem that a 
larger collection of ambergriſe in the belly af the whale i is a ſoures 
of diſeaſe, and probably ſometimes the cauſe of 1 its death. As ſoon 
as they hook a whale of this deſcription, torpid, fickly, ema- 
ciated, or one that does not dung on being hooked, they! im- 
mediately either cut up the above - mentioned protuberance, if 
there be any, or they rip open its bowels from the orifice of 
the anus, and find the ambergriſe, ſometimes in one ſome- 
times in different lumps of generally from three to twelve and 
more inches in diameter, and from one pound to twenty or 
. thirty pounds in weight, at the diſtance of two, but moſt fre- 
quently of about ſix or ſeven feet from the anus, and never 
higher up in the inteſtinal canal, which, according to their de- 
ſcription, 1 is, in all probability, the inteſtinum cœcum, hither- 
to miſtaken for a peculiar bag made by nature for the ſecretion 
and collection of this ſingular ſubſtance. That the part they 


ceut open to come at the ambergriſe is no other than the inteſ- 


tinal canal is certain, becauſe they conſtantly begin their inci- 
fion at the anus, and find the cavity every where filled with 
the fæces of the whale; which from their colour and ſmell it 
is impoſſible for them to miſtake, The ambergriſe found in 
the inteftinal canal is not ſo hard as that which is found on the 
ſea or ſea- coaſt, but ſoon grows hard in the air: when firſt 
taken out it has nearly the ſame colour, and the ſame difagree- 
able ſmell, though not ſo ſtrong, as the more liquid dung of 
the whale has; but, on expoſing it to the air, it by degrees not 
only grows greyiſh, and its ſurface is covered with a greyiſh 
duſt like old chocolate, but it alſo loſes its diſagreeable ſmell, 
and, when kept for a certain length of time, acquires the pecu- 
liar odour which is ſo agreeable to moſt people. 


The 


. 
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rhegendlemen ] converſed with: Snfeftedꝭ that if, ohne . 
vat from (experience, that ambergriſe thus, fund. ls in tinge - - 
' acquire the above-mentioned qualities, they wayld by no means 
be able to diſtinguiſh ambergriſe from hard ,indurated fæces, 
This is ſo true, that whenever a whale voids its, fæces upon 
being hooked, they look carefully to ſee if they cannot diſco— 
ver among the more liquid excrements (of which the whale 
diſcharges ſeyeral barrels) ſome pieces floating on the ſea,.. of a 
more compact ſubſtance than the reſt ; theſe they take * and 
waſh, knowing them to be ambergriſe. — 85 

From this account it appears therefore clearly, * 0 
cuvsrus is quite wrong in aſſerting that ambergriſe is a 
phlegmatic recrement, or indurated undigeſtible part of the 
food collected and found i in the ſtomach. of the whale, in in 
the ſame manner as, the bezoars are found i in the | ſtomach 
of other animals, It appears further, that what DUDLEY lays, 
in Phil. Tranſ. vol. XXIII. from an account he received 
from a whale-fiſherman, one Mr. ATXINs, of Boſton 1 in New 
England, who was. one of the. firſt who went out a. fiſhing 
for the ſpermaceti- Whale about the year 1720, viz. that the 
ambergriſe found in whales is a kind. of animal Production 
le muſk. and æaſtoreum, &c. ſecreted and collected in a pecu- 
*. bag, or eiten, mich is furniſhed with. a an are duct 


* length: . * penis: . __ that this = which lies 770 
over the teſticles, is almoſt full of a deep orange-colour: ed 
liquor, not quite ſo thick as oil, of the ſame ſmell as the balls 
of ambergriſe, which float and ſwim looſe in it; which colour 
and liquor may alſo be found in the canal of the penis; . and 
that therefore ambergriſe 1 is never to be found 1 in any female, 
but in the male only, is equally deſtitute of truth. The aſſer- 
W. H h tions 
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De actin A JF 
ae teh, Ver n 
"Bf the mie Geben; t, id the Hir plies, the "genie 
ih wha 1 tbnruted aue panedly Wund ambesgrite in 
males as well as females; they tHitk; However, to habe m6 
marked, that the fhberg bf Found in femules is never in ſuck 
large we, 'of of fo ore quality, as that which is found in 
males. No man, who has the leaſt khowledge in ana · 
tomy air the anitnal ttorivihy, will ever believe that orge- 
 hifed bodies, Tuch as the becks of the Sepia, which ate Id com 
ſtantly found 3 in ambetꝑgriſt taken but of the Whale, enn have 
been On froth the ihteftines by che Iactenls or 1ymphatics, 
and colleted with the ambergriſe in the bag mentiched by 
Axis ail Döptrv. If ether of thoſe perſons hat Kon 
tlie natute of theſe ſubſtantes, and had Had the leaſt knowledge 
bf the different fecretions in animal bbdies; they would cer- 
Faun n never have, ventired to: * a 4 ee ws true 
| nr, be las ben 18 2 Aber Ae 
evunts ir Natural Hiſtory, ſeems tb cone nearet the truth with 
regard to the origin of amberyriſe, when he ſays,” that it is 
the dung of the whale ; and that the Jupanbſe, fr this' xeaſon, 
call it, Kuſura no fun, i. e. Whale's Dovg'; but 'rhis/telation, 
though founded on obſervation, has never-obtained credit, aud 
Has been conſidered rather as a fabulous tory, with which the 
Japaneſe itnpofed upon him, who * Himſelf no io obſer⸗ 
vation to prove the fact. : 
This tnatter therefore remained 2 bft of gers A and 
it was generally thought to be more probable, that ambergriſe, 
after having been ſwallowed, and ſomehow or other changed 
in the ſtomach and bowels of the whale, was found among its 


Wefements, But in order to diſcuſs this matter tes and 
I bring 
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— the. whole... or tn, itis fpply an extrancauy 


howels or among the dung of the whale, either with regard to 
its qualities and chemical principles, or with reſpect to the he- 
terogeneous ſubſtances that are mixed with it? And 2dly,- 14 
"= there 1 15 any ſach difference, 1 in what does i it conſiſt? 


5 * this ſubject, I find that what ſeveral authors have aſſerted, 
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Jour, and ſmell... There arg pieces of ambergriſe found, on 
different. coaſts, which. arg of 2 very inferior quality, whereas 
there are often found. pieces af it in whales of the firſt value; 


| taſkines very hear the fame ſmell as the liquid exerements of 


ddur : they find it in the whale. ſametimes quite hard, ſome- 


uuns . ** b 


the beginoing ar: this paper, it will no mig 2 to e 
the, priacipa bergriſo ia generated * 


ſubſtance taken 1 mn with the fogd! ö In order to elucidate this wat | 
ter, it will be neceflary to reſolve the following queſtions : hy T 
. Whether there is any material difference b between am- 
bergriſe found upon the ſea or ſea-coaſt, and that found in the 


F rom the moſt exact information 1 have been able to procure 


that all ambergriſe found in whales is of an inferior quality, 
and therefore much leſs in price, is deſtitute of truth. Amber» 


griſe is only : valued: for its purity, lightneſs, compactneſs, co- 0 


nay, ſeveral, pieces: found 'i in the ſame whale, according 1 to the 
obove-tmentioned qualities, are more or leſs valuable. All am- 
bergriſe ound. in: whales has at fipſt when taken out of the in- 


that animal have ; it has then, alſ nearly the ſame blackiſh c- 


times rather ſoſtiſh, but never ſo liquid as the natural feces of 
that animal. And it is A matter of fact, that, after being taken 
ont and kept in the air, all ambergriſe grows not only harder 


and whiter, but alſo loſes by degrees its ſmell, and affumes 
nd an nnn as that in general. has which is found 
re 


ſwimming 


—— ET N 
« ben f Relfbre" the gecbetd of e 
Sie ech Kor l ins db. By" being” a6c 
12 er * certain Tength of time in the inteſtir n 
nal, it "Teetns © even then to come 0 a whiter” colour, and leſs 

potidetotis, and acquire ith mandy fel.” The only reaſon 

why ambergriſe found floating; on the ſea generally poſſeſſes the 
above-mentioned qualities 1 in a faperior degree, is becauſe it is 
commonly older, ind has been longer expoſed to the air. It is 
more frequently f found in males than females; ; the pieces end 
in females | are in general ſmaller, and thoſe found in males 
ſeem conſtantly to be larger and of a better quality, and there- 
fore the high price! in proportion to the ſize is not merely i ima- 
ginary for the rarity- Lake, but in ſome reſpect well founded, 
decauſe ſuch large pieces appear to be of a greater age, and poſ- 
= the above-mentioned qualities in b general i in a — ee 4 
perfection than ſmaller pieces. 7 
bie diſcovered, as J juſt AHA mentioned, beaks of the 
cuttle fiſh 3 in all the pieces of ambergriſe I had an opportunity 
of exathining, it now remained to be aſcertained,” how) thoſe 
beaks became ſo conſtantly mixed with ambergriſe i ” In -proſe- 
cuting 1 this enquiry, I I had the ſatiꝭ faction to learn from the ſame 
perſons whio gave me the information above-mentioned, that the 
Z Sepia Octopodia, ot cuttle fith, 1 is the conſtatit and natural food 
bf the ſpermaceti- Whale, or Phyfeter Macrocephalus. Of this 
they”: are ſo well perfuaded, that whenever they diſcbver any re: 
cent relics of i it ſwimming o on the ſea, they conclude that a whale 
of this kind is, or Has been, in that part. Aziother circumſtance 
which corroborates' this fact is, that the r on 


being hooked generally ve vornits wah forne remains of the Sepia . 
1143 170 137 From 


va It will not e be improper here ta remark, to what an enormous ſize this ſpecies 


af Sepia grows in the ocean. One of the —— who was ſo kind as to com- 
munic ate 
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Fram chen L hew 440, ;9s ey cab] ly account for the he man 
beaks, or pieces of beaks, of the Sepia found in all a . — 
The beak of the Sepia is a hlack horny ſubſtznce, and there- 
foe paſſes undigeſted through the ſtomach, into the Inteſtinal | 
canal, where it is mixed with the fæces; after which i it. 15 either 
eracuated with them, or if theſe latter be preternaturally re- 
tained, forms concretions with them, which render the animal 
fick and torpid, and produce an obſtipation, which ends. either 
in an abſceſs of the abdomen, as has been, frequently obſeryed, , 
or becomes fatal to the animal; whence 1 in both the caſes, 
on the burſting of its belly,” that hardened ſubſtance, known 
under the name of RING. | is found ſwimming on the ſea, 
or thrown upon the coaſt. . 
From the preceding account, and my having conſtantly found, 
the above mentioned beaks of the Sepia in all pieces of ambergriſe 
of any conſiderable fize, I think we may. venture to conclude, 
that all ambergriſe | is generated in the bowels of the Phyſeter 
Macrocephalus, or ſpermaceti-whale, and there mixed with the 
beaks of the Sepia Octopodia, which is the principal food of 
that whale; and we may therefore define ambergriſe to be 
| the = preternaturally ee dung or feces of the Phyſcter 
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: wunicate to me his obſervations on this ies, about ten years: ago lidoked | a per- 
maceti whale that had in its mouth à large ſubſtance with which he was unac< 
BY quainted, but which proved to be a dentaculum of the Sepia Octopodia, nearly 
2) feet long: this Kntaculum. however did not ſeem to be entire, one end of it 
appearing in ſome meaſure corroded by digeſtion, ſo that i in its natural fate it may 
have been a. great deal longer. With regard to its being a fentaculum of the 
cuttle fiſh, the fiſhermen could not have been miſtaken, as they themſelves often 
feed upon the ſmaller ſort of the ſame Sepia. When we conſider the enormous 
bulk of the lentaculum of the Sepia here ſpoken of, we ſhall ceafe to wonder at 
the common faying of the filkerwen, that the cuttle-fiſh ; is the-targeſt't fifth of the 
Wean, 


 Macroce phalus, 
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je now remains 8 one Gees to bs bead on bis 

abjeA, and this relates to the chemical analyſisofambergriſc#, 
"NEVMANWobtained from one drachm of ambergriſe five graing 
of an cid phiegrn, two . and an balf of —— FT 


Now if all abe gi owes its origin to 1 animal en 
ih the manner we have ſtated, how are we to account for the 
acid obtained from it by diſtillation ? Would not ambergriſe, if 
it was really of an animal nature, like all other fæves of animals 
feedirig upon animal food, yield a volatile alkali? I confeſs this 
ſeems to be a material objection but I reply to it; firſt, that 
Although my experiments made upon unadulterated ambergriſe 
| confirm thoſe made by NEUMANN, GRIM, BROWNE, and GEOF- 
FROY 3 ; yet from that analyſis it does, in my opinion, iy: ne 
means follow, that 'ambergriſe is not an animal product. 
Too eminent chemifts, Mr. seuzRLx, and my friend Mr. 
BERGMAN, profefior of chemiſtry at Upſal, have lately diſco- 
vered that human calculi of the bladder, though of an animal 
origin, are nothing elſe but a peculiar concrete acid, approach- 
ing in its qualities very nearly to the native vegetable acid : and 
Profeſſor RL L. has lately ſhewn, in a paper preſented to the 
Royal Society, that the preſence of an acid, far from. proving 

any thing againft an animal ſubſtance, 1 is to be found in the fat 


* Chemiſtry ſhews that in all animal excrements an acid is preſent, though dif- 
ferent from that found in ambergriſe. Belides, we do not know whether the ma- 
zine acid of the ſea-water in which theſe animals conſtantly live, has not a ſhare 
In changing the nature of their fces ; ; nor whether the fæces of all cetaceous 
animals are perhaps by their chemical analyſis not materially different from thoſe 
of animals living on the Continent. We have a chemical analyfis of theke ney 
dg mane has been kitherto made of the former. a 
of 
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chlo on the oppoſite- fide of the queſtion, that xeauſe the e Erucie 
form plants yield firſt a volatile alkali in; diſtillation, they a are 
of an animal natute. This, however, 1 have by repeated er 
periments with Cochlaria, Naſturtium, &c. ſeen to be con- 
ſtantly the caſe. With regard to the nature of the acid which 
is obtained by diſtillation from ambergriſe, nobody has hitherto 
to my knowledge examined it; and the experiments 1 made 

upon it are itiſufficient to lay any thing poſitive about it. 5 f 
Tyuhe great ꝓrice of ambexgriſe (an ounce of it being now ſold 
in London for one pound ſterling) has been hitherto the cauſe 


14 


of its being fo often adulterated, and of i its being ſo little exa- 
mined by chemiſts. If, however, a chemical analyſis of its 
acid ſhould be made, we ought to be certain that the amber- 
griſe employed has not been previouſly adulterated, efpecially 
as it is but too common to find it adulterated with Homer of 
rice, or with ſtyrax or other reſins, which might deceive us in 
forming a ſolid judgement about the real nature of its acid. 
The adultorntion of amhergriſe with my of the heterogenous | 
ſubſtanots may be diſcovered by its not having all the qualities 
mentioned above as requiſite for the pureſt, and beſt ambergriſe. 
The uſt / of ambergtiſe in Eurqpe is now nearly canfined to 
perfumtry, thongh it has formerly been recommended in phy- 
c by ſtveral emment phyſicians; hence the Eſſentia Ambre 
—— Tinctura ww Cod. Parise. Trochiſc de Ambra 

If we: wide to; foe my b Ade from. 455 ſubſtance, 
we mwaft 'tertanbly not expect them from two or throe grains, 
but give rather as many ſeruples of it for a doſe; though even 
then I ſhould not expect much effect from it, as I have taken 


of pure unadulterated ambergriſe in powder 30 grains at once, 
without 


= which” our fiſhermen obtain the ſpermaceti, which they call 


"'K Y . E nr =nnngy e; | 
iis Oe TIO leaſt fenlibte effect From? it. M Hild 
. Wb had the curiofit ity to try the effect of fecent am- 
bon Hittifelf, took balf an duhde bf it melted upon 
nd cg it a* good purgative; f ae that it 
71 15117 50 I 231907 159 
'Afia and part of. Africa amb oy 13 FRE ES be as 2 
icine and: as x perfüme, but a great uſe is alſo made of it in 
ds er, y, by adding i to ſeveral diſhes as a ſpice; a great 
quantity of it is allo conftantiy bought by the Pilgrims who 
travel to Mecca, probably to offer it there, and make uſe of it 
in farhigations, in the fame matiner as frankincenſe is uſed in 
Cathelie countries. The Turks make uſe of it as an aphrodis 
fac. Out perfumers add it to ſcented: pillars, candles, balls or 
bottles, gloves, aid hair- powder; 3 and its eſſence is inlixed with 
Potmatums for the face and hands, either alone lor mixed with 
muff, Ke. though its Tinell i is to ſome e une 
a och . 11 e 791.20 10 Nu 0 % % 
25 klang now finiſhed my remarks oa abi I ſhall 
concfade this Paper with ſome new "obſervations concerning the 
Lebacebus fubſtance generally called e and the e whale 
from Which i it is obtained“. 5 
8 mentioned above that it is ality! one hg of: _—_ Sbm 
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| the ite, | 
is not "quite an 1 inert fubſtance. 
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for this reaſon - the Spermaceti Whale: in this ſame fiſh it is 
that they find ambergriſe. They never ſearch. after the Phy- 
ſeter Catodon, the Phyſeter Microps, Phyſeter Turſio, and 
others of the ſame genus; but they aim at taking both the 
male and ferale of the Phyſeter Macrocephalus, though the 
male contains not only a larger N but alſo 1 in Thats opt 
nion a better any of ſpermaecti. {1 S or 
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mk 1 is to be ans that a 8 has but one ſpout 
{hula}. This ſpout is not, as hath been generally hitherto 
aſſerted, in the neck /cervix) of the fiſh, but in its front, and 
on the very edge of the head, bending obliquely on the left 
fide, fo that whenever he ſpouts it is always on that ſide only. 
2dly. It is alſo remarkable, that the female of this whale 
has a power of drawing back its breaſts after it has ſuckled 
the calf, fo that it hardly appears to have : any prominence on 

the belly, whereas when it ſuckles they hang out very long. 

5dlv. It is not true, though it has hitherto been aſſerted, that 
the ſubſtance which we ſo abſurdly name Spermaceti, and which 
perbaps might with much greater propriety be called Sevum 
Phyſeteris, is found in the ventricles of the brain, and in the 
cavity of the ſpinal marrow of the Phyſeter Macrocephalus. 
This fat ſubſtance, which is nothing but a kind of ſuet, un- 
doubtedly formed for ſorne particular purpoſe of that whale, is 
contained in a peculiar bony triangular cavity or trunk, which 
is lodged near the brain, and occupies nearly the whole upper 


part of the head. This trunk has no communication with the 


brain, but 1s entirely ſeparated from it by its bony laminas. 
The brain, as in all other fiſhes, is very ſmall in compariſon 
with the fize of the whale, and lies direQly behind the eyes. 

In order to know whether the trunk in which the ſperma- 
ceti is lodged had any connection with the brain of the whale, 
one of the above - mentioned gentlemen had the curiof! ity to 
| lance that trunk, which in its upper part is only covered 
with the ſkin, he found the whale not in the leaſt affected by 
this, but on the brain being lanced, the ſame whale died im- 
mediately. 
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AVI. iPxirat of @ Negiſter of. the Barometer, T, bermometer, 
and Rain, at Lyndon, in Rutland, 1782. By Thomas 
* Barker, Eſfuire. 8 


Read March 13, 1783. 


—ę—e— . 2 — ed ada To: 


Barometer. Thermometer. | Rain. 


. I In the Houſe. | Abroad. ME % 

| $27; e . Lyndon | bourny Land! 
| [HightfiLoweft | Mean. [High4Low. pues: igt, Lon. Meal Ish. Sun 
Morn 37 423 49 | 213] 372 | 


„ Hattern.] 399] 28,45 | 2927 | 22333 | 4164 | 


r | | POE ae 
XZ =_— 29,99 29550 49 | 34 | 383 33 | 30⁴ 9,036 | I-99: 
TAftern. 29578 28,57] *3"*| 49 | 38 | 42 | 54 | 37 | 44 | 73} 0,54 
Morn. | ©” VE; hee 493] 41444530] 2d Fo „„ | 
| rang 9) 3021 2920 50 | 42 | 45 | 5g 384 1 6„ 1 457 
"Morn. | 1 5842495833 B 
| Aftern. 29,62 | 28,54 29724 60 43 F733 42 | 557 5722 | 0,34 | 
fr IM; ta 684 60 674 44 5s 33 
Juneſ, fern.] 30,05 20.06 29,60] 51 52673 2 | ©: | | 20 175 | 
ſ- , Morn. | - | + "308 574 612] 62 golf 3 
July Aftern. 29,82 29, 10 | 29,51] bo — 62 2 2,697 7,00 i 
1 Morn. | FINS: | 6 | 


Aug Aftern.] 29564 28,60 29,21 


| | 2 
| | M 44 | 
Sept. A ters] 29,89 28,73 29:47 | 6 


A Morn. + £5 
Oct. pain 29,86 | 28,80] 29,40 
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Mr. BARKER'S N " if tbe Weather, c. 243 


The beginning of January was chiefly mild, and ſome thun- 
3 but as the year advanced it grew more froſty, intermixed 
with ſtorms and rain, and was a ſevere latter end of the win- 
ter; not long nor ſettled froſts, but frequent, eſpecially in 
March, which was almoſt all either froſt and ſnow, or ſtorms 
and wet, and was followed by ſo wet, cold; and backward a 
ſeaſon for two months. as none remembered. Near twelve 
inches of rain in April and May, and every thing was fix 
weeks or two months later than uſual, and the north and eaſt 
- winds were wet, a ſure ſign of a wet ſeaſon ; and ſometimes 
there came great rains ike the eaſt for two or three days toge- 
* and vaſt floods. 
The wall fruit was not only blaſted i in the bilden, but 
moſt of what ſcemed ſet fell off afterward, and the leaves and 
ſhoots were ſo much killed, that the trees looked almoſt dead. 
The barley ſeed-time was very bad; a great deal could hardly 

be ſowed at all, or ſo late it was never well ripened. It ap- 

pears to have been a very bad ſeaſon in other parts of Europe 

alſo. More froſt, and greater ſnows and rains than uſual, in | 
the latter part of winter and ſpring, even. in the ſouthern 
parts. In May and June there was an almoſt univerſal cold or 
other illneſs. all over Europe, but few entirely eſcaped it; to 
many it was but flight, yet in ſome places it was mortal. 
June was the beſt month this ſummer, the ſhowers being 
then fewer and ſmaller; yet there was never any long conti- 
nuance of fine weather, but it was ſoon interrupted either by 
general wet fits, or by violent and great partial rains and. thun- 
der, in particular places, while it was fair elſewhere. In ſo 
wet a ſeaſon hay was, as it might be expected, plentiful, but a 
great deal of it ill got, and vaſt quantities of graſs the latter 
part of the ſummer. = 
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The harveſt was very late and tedious. The laſt week in 
Renan which was the beginning of harveſt, was pretty well, 
and the beginning of September very fine, only the mornings 
were miſty. In this time a good deal of the white corn was 
well got; but a great part of the barley was not then ripe, and 
the reſt of the harveſt, which in ſome places was not finiſhed 
till after October 20, was ſo wet, it was well it could be got in 
at all tolerably; yet from the coolneſs of the ſeaſon, and the 
unripeneſs of the barley, very little of it grew in this country 
or moſt others. The wheat was but a ſmall crop; the barley 
almoſt univerſally bad. The beſt « Crop was that” of beans; but 
hardly any thing was well ripened, and all forts very dear, 
wheat three pounds a . barley two pounds, oats one 
pound. | 

I he three former years were pleaſant and fine, chiefly dry, 
and often hot, but by no means healthy, This, which ſeemed 
a very bad one for cold and wet, yet appears to have been 
more wholeſome. The latter part of the ſuramer and the 
autumn, there has been much leſs illneſs about the country 
than for ſeveral years paſt. 
A fortnight in the middle of Oftober was tolerably fair for 
finiſhing the harveſt ; then ſome ſtorms and rains. The end of 
October and beginning of November concluded the eight 
months wet ſeaſon, for the remainder of the year was dry. 
Almoſt all November was much inclined to froſt, and ſome- 
times ſevere, ſo as to threaten a hard winter. There was a 
- ſmart froſt! the latter end of the month, which continued, 
| though with ſome breaks, above three weeks in November and 
December before it was quite gone; after which the laſt fort- 
night in the year was in general fine, calm, and mild: the 

ground 


i 
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ground got quite dry in many places, and the wheat, which 8 


bas lain a great while in the ground, comes up well at laſt. 


4 account of an uncommon circle ſeen about the Moon. 


November 17, 1782, between ten and eleven at night, there 


was a remarkable corona about the moon, ſuch as I do not 
remember to have taken notice of before, at leaſt not. to that 
degree. ET 

It is common, when the moon e though a thin cloud, 


to ſee a bright place round it, bounded by a yellowiſh red circle 
at a little diſtance, which ſeems to me to be not always of the 


ſame diameter. At this time the clear part of the ſky was very 
clear; but there were many thin clouds, and as they paſſed 
over the moon from the north, that uſual circle a ppeared 


much ſtronger than common, and I ſhould think of leſs dia- 
meter: but the remarkable part was, that round that circle, 


another rainbow - coloured one was ſeen; the blue, I think, was 


| on the outſide, and the red terminated with the uſual red circle. 
The colours were far more diſtin& and bright than any halo, 

and not a third part of that diameter. . It was- brighter or 

fainter, according as different parts of the clouds paſt over the 


moon ; and when the clear ſky came over it, the corona very 
nearly, if not wholly, diſappeared. 


I have fince ſeen ſome ſmall reſemblance of the ſame thing, 
but fo faint I ſhould hardly have taken notice of it, if I had 


not ſeen it ſo much ſtronger at that time. 
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Calabr 


ceſtors the Brutii, which hiſtory 


Nunſation ef Qunt Franceſco Ippolito's Letter to Sir William: 
Hamilton, Knight of tbe Bath, F. RS.; giving an Account 
of the Earthquake which happened. in Calabria, March 28, 


HA T part of the kingdom of Naples, formerly poſſeſſed + 
by che Brutii, and other Greek colonies, and now called 
iz, has been at all times expoſed to the terrible convul- 
hons, of Which we are at preſent the victims. The earth- 
which the two provinces of Ca» 
labria were almoſt utterly deftroyed, are freſh in every one's - 
memory, as well as that of the year 1 742, which affficted us 
for a long time, but without loſs of cities or of men. Reggio, 
and the eeuntries near it, are expoſed to earthquakes almoſt 
every year, and if we lock back to higheſt antiquity, we fhall 
find that all Italy, but particularly this country, and more par- 
_ ticularly ſtill the provinces we inhabit, have been ſubject to 
various cataſtrophes in conſequence of volcanoes. and ſubterra- 
neous fires. Indeed, the religious rites themſelves of our an- 
y- teaches us were all of a 
loomy melancholy caſt, atteſt the deep impreſſion which the 
enſe of ſuch repeated and terrible cataſtrophes made upon the 


1 | Count 1eroL1To's * Account F the 


people expoſed to them. Neither, however, could it, nor 
can it, be otherwiſe in countries ſuch as theſe are, which are 
interſected by the chain of the Appennines, the bowels of which 
contain nothing but ſulphur, iron, foth] coals, petroleum, 
and other bituminous and "combuſtible matters. The quantity 
of theſe minerals muſt neceſſarily occaſion fermentations and 
ſubterraneous fires, and it is good for us that wethave ſo many 
volcanoes in the neighbourhood, to ſerve as chimnies, and 
afford outlets to the fire which forms under our feet. 
But amongſt ſo many earthquakes to which we have been ex- 
poſed, the leaſt is not that under which we at preſent ſuffer, whe- 
ther we conſider the force of the concuſſions, or their duration, 
or the changes that have taken place in the ſurface of the 
earth, or the ruin of ſo many cities and vallages, with the loſs | 

of forty thouſand inhabitants. 
I have kept a regular account from the day of the firſt ſhock 
of the fifth of February; not only of the — ſuffered 
by the earth, but likewiſe of all the meteors obſerved in the 
atmoſphere. This the ſhortneſs of 'time will not allow me to 
tranſmit to your excellency ; but the ſum of it is, that from 
the 5th of February to this inſtant the ſhocks have been more 
frequent, and almoſt every day repeated. At times the earth 
ſhook as it uſually does on theſe occaſions ; but at others the mo- 
tion was: undulatory, and at others vorticoſe, during -which. laſt 
Nate it reſembled a ſhip toſſed about in a high ſea. The moſt 
conſiderable of theſe repeated 3 were thoſe which 
took place on the fifth of February, at 194 Italian time; on 
the ſeventh, about 204; on the 9 hth, about 87 of 
the night; and finally on the meren of March, about 
TH in the evening. Theſe four eruptions coming, as nearly as 
we can judge by the phenomena and effects, from the chain 
of mountains which extend from Reggio hitherwards, have 
produced four different exploſions in four different parts of 
Calabria. The three former were in that part of the province 
in which your excellency now is, and that which you muſt 
paſs through in your journey to Meſſina. Theſe exploſions 
have produced various: great effects; ruined cities and ae 
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levelled mountains, man breaks 1 in he earth, new collec- 
fions of waters, old rivulets ſunk in the earth * diſperſed, g 
rivers ſtopped. in their courſe, foils levelled, ſmall mountains 
| which exitted not before formed, plants rooted' up, and carried 
to confiderable diſtances from their firſt fite, large portions of 
earth rolling about through conſiderable diſtricts,” animals and 
men {wallowed up. by the earth but I abſtain from entering 
into a minute account of theſe diſaſters; your excellency wilt 
fee them with your own eyes, and aſſiſted by the relations of 
ocular and faithful witnefſes, no doubt, form'a faithful hiſtory 
of them, One thing, however, I may not forbear to com- 
municate, and that is, that of all theſe calamities the 
greateſt and moſt extraordinary was that which happened on 
the banks of Scilla aud Bagnara. That part of the ſea Which 
conſiderably overflowed in theſe ace and ſwallowed 
up a 9555 number of people who had taken refuge there, 
was fo hot that it fcalded ſeveral of thoſe who were ſaved. 
This 1 had from the mouth of the moſt excellent Vicar 
General. 
But 1 will confine myſelf to a ſhort narrative of the effects 
of the laſt. exploſion of the twenty- eighth of March, 
which, without a doubt, muſt have ariſen from an inter- 
nal fire in the bowels of the earth in theſe parts, as it took 
place preciſely 1 in the mountains which croſs the neck of our 
peninfula which is formed by the two rivers, the Lameto which 
runs into the gulph of St. Euphemia, and the Corace, 
which runs into the Tonian ſea, and properly into the bay 
of Squillace. That the thing was ſo 1s evident from all the 
phenomena. 
This ſhock, like all the reft, came to us in the direction of . 
the S. W. At firſt the earth began to undulate, then it ſhook, 
and finally it moved in a vorticoſe direction, fo that many per- 
ſons were not able to ſtand upon their feet. This terrible con- 
cuſſion laſted about ten ſeconds; it was ſucceeded by others 
which were leſs ſtrong, of leſs duration, and only undulatory, 
ſo that, n the whole night, and for half the next * 
A 2 2 
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iy * Count irrolrre's Account of the 
the earth was continually ſhaken, at firſt every fire minutes, 
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-afterwards.every quarter of an hour. 


A terrible groan from under g ond preceded this con- 


. : 


vulſion, laſted as long as it did, and finally ended with an 
- intenſe noiſe, like the thunder of a mine that takes effect. 
Theſe mighty thunderings accompanied not only the ſhocks of 
that night and of the ſucceeding day, but all the others which 
have taken place ſince that time: moreover, groans have 
ſometimes been heard without any ſhakes of the earth, and 
ptior to the .twenty-cighth of March there were noiſes 

and crackings which exactly reſembled the burſting of fo 
rn c CHE FN 

The air was covered with clouds, and the weſterly. gales blew 
very freſn. Theſe were ſtilled in one minute before the horrid 
craſh; but in one moment after they blew again, and then were 
ſtill. There were, however, frequent and ſudden changes of 
the atmoſphere during the whole night, the heavens being 
alternately cloudy and ſerene, and different winds blowing, 
though they all came from between fouth-weſt — 
At the time of the earthquake, during the night, flames 
were ſeen. to iſſue from the ground · in the neighbourhood of 
this city towards the ſea, where the exploſion extended, ſo 
that many countrymen ran away for fear; theſe flames iſſued 


cractly from a place where ſome days befere an extraordinary 
heat had been perceived. * ere 


_— 


Aſter the great concuſſion there appeared in the air, towards 
the eaſt, ayhitiſh flame, in a lanting GreGtion; it had theap 
pearance of electric fire, and was ſeen for the ſpace of two hours. 
In conſequence of the terrible ſheck, many countries and 
cities eſpecially thoſe ſituated in the neighbourhood and neck 
of aur peninſula as you go from Tiriolo to the river Angitola, 
and which had ſuffered nothing before, were overturned. Cu- 
' inga, - Maida, Cortale, Girifalco, Bor gia, St. Floro, Settin- 
giano, Marcellinara, Firiolo, and other countries of leſs im- 
Fortance, were almoſt entirely deſtroyed, but with the loſs of 
very few people. Many hundreds, however, perifhed in 
Maida, Cortale, and Borgia. — Th 
e 
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theſe parts. Many hills were divided or laid level; many aper- 
tures were made in the ſurface of the earth throughout the 


the rivers Corace and Lameto, as you go towards Angitola. 
Out of many of theſe apertures a great quantity of. water 
coming either from the ſubterraneous concentrations, or the 
rivers themſelves in the neighbourhood of which the-ground 


openings in the territory of Borgia, diſtant about a mile from 
the ſea, there came out a large quantity of ſalt water which 


lity, or heated by the ſame ſubterraneous fire. 1 
We muſt likewiſe take notice, that there came from the 


o 


from its extreme tenuity had all the appearance of a true ſand. 
1 have {cen only the grey, in which there was evidently a mix- 


ture of iron. 
It has alſo been 
the exploſion took place, there were obſerved, from diſtance to 
diſtance, apertures in the form of an inverted cone, out of 
which likewiſe there came water. This ſeems to prove that 


a mile. 


followed the earthquake, the two former are remarkable. On the 
very day of the earthquake the water of a well in Maida, which 
heretofore people uſed to drink, was infected with 10 diſguſt- 


ful a ſulphureous taſte, that it was impoſſible even to fmell to it. 


before could not be uſed. becauſe of a ſmell of calcination that 
1 it 


cellency is now in were like wiſe produced by the earthquake in 


whole ſurface which lies between the two vallies -accupied by 
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broke up, ſported during ſeveral hours. From one of theſe 


imitated the motions of the ſea itſelf for ſeveral days. Warm 
water likewiſe iſſued from the apertures made in the plains of 
| Maida 3 but I cannot ſa Whether this was of a mineral qua- 


fame fiſſures out of which the water ifſued ſome very 
thin earth, either of a white, grey, or yellow ſert, which 


obſerved, that in all the ſandy parts, Where | 


from thence eſcaped a flake of electric fire. Fiſſures of this 
kind are particularly met with along the banks of the Lameto 
from the place where it goes into the ſea hitherwards for many 


Amidſt the various phenomena, which either preceded or 


On the other hand, at Catanzaro the water of a well, which 


it ; had, became lo. are as to be . e well. Tn 


din farlled and more copious, 1 men a Ak 
volume of water than uſual. M11 8 


| the countnes through which they 
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likewiſe obtained in many other parts of the country. 
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2 our afflicted province was preceded: by great and extraordi- 
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The waters of: ſore Far IR were alſo obſerved to be n 
bled; and to aſſume a whitiſh'or- yellowiſh * according to 
paſſed. | 

Many elevations of foil likenite took . in ' copſequence 
of the earthquake. The moſt notable was that which hap- 
pened in the bed of the river of Borgia, where there was ſeen 


a new hillock, about ten palms bigh;; about twenty palms at 
the baſe; and about two hundred palms long. Finally, in the 
neighbourhood of the river Lameto, and preciſely 1 in the diſtri 


of the country called Amato, which was entirely torn up by 
the earthquake, there is an olive ground, the ſarface of which 
is turned over in a vorticoſe direction; a phenomenon which 


Such are the moſt notable phenomena of the earthquake of 
a twenty- eighth of March in theſe countries which have 
hitherto reached my notice. 1 think myſelf, however, obliged 
to notice to your excel , that this, — 7 cataſtrophe 


froſts in the winter of 1782; by an extraordinary drought 
— inſufferable heats in the ſpring of the ſame year; and by 
great, copious, and continued rains, which began in autumn, and 
continued to the end of January. Theſe rains were accom- 
panied by no thunder or lightning, nor were any winds hardly 
ever heard in theſe cities where they are ufed to blow very 
freſh during all this time ; but at the beginning of the earth- 
quake they all ſeemed to break looſe again together, accompa- 
nied with hail and rain. For a long time before the earth 


ſhook, the ſca 2 conſiderably agitated, ſo as to * 
the 
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the fiſhermen from venturing upon it, without there being any 
_ viſible winds to make it fo. Our volcanoes too, as I am confi- 
dently aſſured, emitted no eruptions for a conſiderable time be- 
fore 3 but there was an eruption of Etna in the firſt earthquake, 
and Stromboli ſhewed ſome fire in the laſt. God grant that 


the pillars of the earth may be again faſtened, and the equili- 


brium of both natural and moral things reſtored ! 


I have the honour to be, &c. 
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XI. On the proper Motion of the Sun * Solar Syſtem ; with 


an Account of ſeveral Changes that have happened among the 


Herſchel, 1 F. R. S. 


Read March 6, ; fda 


HE new lights that modern obſervations have thrown 

upon ſeveral intereſtin g parts of aſtronomy begin to 
| lead us now to a ſubject that cannot but claim the ſerious atten- 
tion of every one who withes to cultivate this noble ſcience. 


That ſeveral of the fixed ſtars have a proper motion is now 


already fo well confirmed, that it will admit of no further 
doubt. From the time this was firſt ſuſpected by Dr. HALLEx 


we have had continued obſervations that ſhew Ar&urus, Sirius, 
Vor, LXXIII. | LI Aldebaran, 


wo Stars fince the Time Li Mr. Flamſtead. W. William 
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like Sees 5 in 9 the 4 Beſides, we are well 3 
to find numbers of them apparently at reſt, as, on account of 
their immenſe diſtance, a change of place cannot be expected to 
become viſible to us till after many ages of careful attention 
and cloſe obſervation, though every one of them ſhould have a 
motion of the ſame importance with Arcturus. This conſide- 
ration alone would lead us ſtrongly to ſuſpedt, that there is not, 
in ſtrictneſs of ſpeaking, one fixed ſtar in the heavens; but 
many other reaſons, which I ſhall preſently adduce, will ren- 
der this fo obvious, that there can hardly remain a doubt of 
the general motion of all the ſtarry ene, and Ber ure 
of the ſolar one among the reſt. 
1 might begin with principles drawn from the theory of 
attraction, which evidently oppoſe every idea of abſolute reſt 
in any one of the ſtars, when once it is known that ſome of 
them are in motion: for the change that muſt ariſe by ſuch 
motion, in the value of a power which acts inverſely as the 
ſquares of the diſtances, muſt be felt in all the neighbouring 
ſtars; and if theſe be influenced by the motion of the former, 
they will again affect thoſe that are next to them, and ſo on till 
all are in motion. Now as we know ſeveral ſtars, in divers 
parts of the heavens, do actually change their place, it will 
follow, that the motion of our ſolar ſyſtem is not a mere hy- 
potheſis ; - and what will give additional weight to this confide- 
ration is, that we bare the greateſt reaſon to ſu poſe moſt of 
thoſe very ſtars, Which have been obſerved to fnoYe, to be 
ſuch 


nally at reſtr — (wave 'everyatiens of this 11 aher 
ogy 1s not chiefly derived From experience: rn tvods st- 
To begin with my own, I will give a ſhort but Ply ac- 
count of the moſt ſtriking changes I have found to have hap- 
pened in the heavens ſince Un isTRA 's time. I have now 
almoſt finiſhed my third review. The. firſt was made with a 
Newtonian teleſcope, ſomething leſs than y feet fogal length, | 
a power of 222, and an aperture of 44 inches. It extended 
only to the ſtars of the firſt; fœcond, third, and. fourth mag- 
nitudes. Of my ſecond review I have already given fore ac- 
count *: it was made with an inſtrument much ſuperior to 
the former, of 85, 2 inches focus, 6, 2 inches aperture, and 
power 227. It extended to all the ſtars in HARRIS'sC maps, 
and the teleſcopic ones near them, as far as the eighth magni- 
tude. The catalogue of double ſtars, which I have had the 
honour of communicating to the Royal Society, and the diſ- 
covery of the Georgium Sidus, were the reſult of that review. 
My third 1 review was with the ſame inſtrument and aperture, 
but with a very diſtin power of 460, which I had already 
experienced to be much ſuperior to 227, in detecting exceflively 
ſmall ſtars, and ſuch as are very cloſe to large ones. At 
the ſame time I had ready at hand ſmaller powers to be 
uſed occafionally after any particularity had been obſerved 
with the higher powers, in order to ſee the different ef- 
feats of the ſeveral degrees of magnifying ſuch ob- 
jects. I had-alfo 18 higher - magnifiers, which gave me a 
| gradual variety of powers from 460 to upwards of 600, 
In order to purſue. particular objects to the full extent of 


* Phil. Tranf. vol. LXX. LXXI. LXXII. 
1.17 3 


F F = * "oj * "2 4 SC Ex 4 | . 10 * As Lv 5 i 1 2 8 
e Q + is * 3 * * * | l "—7 * Y 4 12 \ 
4 1 — 


98 SE * N TY 0 
* * as ED) * * * | a. * 9 FI f 1 9 
of a " 03 | LE - * — 
* * es 1 4 


1 inthe Srojer Motion = 


. 9 
© * 
azo 


ſtars in PI AMsT EA catalogue, together with every ſmall 
ſtar about them, as far as the tenth, eleventh, or twelfth mag. 
nitudes, and occaſionally much farther, to the amount. of a 


great many thouſands of ſtars. To ſhew the praQticability. of 


what I have here advanced, it may be proper to- mention, that 


the convenient apparatus of my teleſcope is ſuch, that l have 


many a night, in the courſe of eleven or twelve hours of ob- 
ſervation, carefully and: ſingly examined not leſs than 400 ce- 


leſtial objects, beſides taking meaſures of angles and: poſitions 


of ſome of them with. proper mierometers, and ſometimes 


viewing a particular ſtar for half an hour together, with all 


the various powers of my teleſcope. The particularities I at- 


rended to im this laſt review were, 1. The a of the ſtar 


itfelf; ſuch as it is given in the Britiſh catalogue. 2. To ob- 
ſerve well whether it was double or ſingle, well defined or 
hazy. 3. To view and mark down its particular colour, when- 


ever the altitude and ſituation of the ſtar would permit it to be 


done with certainty. 4. To examine all the ſmall. ſtars in the 


neighbourhood, as far at leaſt as the twelfth magnitude, and 
| note the ſame particular 8 concerning them A except the colours, 
which would have taken up too much time in committing to 


paper, and be of no very material uſe. The refult of theſe 


obſervations J ſhall collect under a few * band in the 


following artiele 8. 


J. 


Stars that are loſt, or have undergone ſome capital change, 
-fince FLAMSTEAD's time. 


In the Britiſh catalogue we find. two. remarkable ſtars of the 


Worth magnitude in the conſtellation. of Hercules, viz. the 


Toth 
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-bly fine weather preſented; me with à proper opportunity 
for making uſe of them. This review extended to all the 


9 
N 
* .—< 
* * 
1 
$9, 4 = 
« - —_— 
. = LI 7 2 1 
8 9 
a — | m N 


8 \ 


F - 
1 . | 5 
* C ay * 4 _— , 4 


7 BY 2 


fince frequently examined that part of the heavens with no 
better. fucceſs, though the ſmall ſtars x; =; y, of the ſixth 
magnitude, not far from the place where the former thould be, 


the left foot of Hercules, and had theſe ſtars been there at that 
time I muſt have ſeen them; for not only : of the fourth mag 
nitude, but y of the fixth, is in the liſt of ſtars examined; 
and the place of the Both and 81ſt is — near directly be- 
tween tbem. 
In the northern elaw of Cancer FL AM ST EAD Miah * three 


of his catalogue. The latter of them is vamiſhed. 
and magnitude are ſo well pointed out by the other two ſtars, 


find a very ſmall teleſcopic ſtar near the place where the 56th 


this ſmall ſtar, and compare it with the 56th of Cancer, when 
it will appear how far their places agree. I miſſed it firſt in 
February, 1782, and have ſince looked often for it in vain. | 

The 19th Perſei, a ſtar of the 6th magnitude, f is either loſt, 


tar of the ſixth magnitude in the place where this ſhould be; 


of that, or the fifth magnitude, not taken notice of by FLAM» 


dete ind brd. They e eee to le 1 babe for - 
tam in October, 78 7, but could not find them; and have 


appear very plainly i in a fine evening. On referring to my pre- 
ceding review in Auguſt, 1780, I find, that I then alſo examined 


flars of the fixth magnitude ; ; they are the 53d, 55th, and 56th 
Its place 


that there can remain no doubt of this remarkable change. We 


ſhould be: this may poſſibly be the remains of that vanithing 
ſtar; but that may be aſcertained by thoſe aſtronomical gentle- 
men, who, having fixed inſtruments, can determine the place of 


or ſo confiderably removed from its place in FLAMSTEAD's. 
time, that it is no longer to be known. What gives occaſion 
for a ſuſpicion of its having been removed is, that we find no 
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whereas, about a degree following that ſituation, there is one 


3 Mes  ____ STEAD}, 


| 
| 
1 


| 


das 58 conkſirut overlook coniderãble A tai if it had 


in the ſouthern claw, are either both loſt, or at leaſt have un- 
| dergoiie ſuch a! remarkable change of magnitude, and one of 
them of place, that it is hardly poſſible to know them any longer. 
The alteration muſt evidently appear when we coinparethem to 
the 8 iſt and 82d Cancri; the former of which, though only 
marked of the ythi magnitude, far outſhines the brighteſt of 
thoſe which may be ſuppoſed to be the two ſtars in queſtion. 
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been! there in his time ; z becauſe, being not far from th Parallel 


of r and u, both Which be thay given us, it muſtfave paſſed the 


fikld of view of his telefcope! whenever he obſerved them. 
The 108th Piſcium, a ſtar of the ſixth: magnitude, near the 
hou) of Aries is loſt. The. n and logth, both marked as 
ſmaller ſtars InFLAMSTEAD'S! catalogue, * near . 1 1 
the og th, are eaſilyt diſcovere .. * 

Fo ſtars of the ſixth magnitude, the 7 30 * uh — 


The 8th Hydræ is loſt. There is a ſtar juſt by, which I take 
to be the z1ft Monocerotis. If this ſhould be the 8th Hydræ, 
and à ſmall ſtar near the latter ſhould agree with the place of 
th gift Monocerotis, then the | magnitudes will be quite con- 
trary to what FLAMSTEAD makes them. There n at 2 


events, have been a very remarkable change. 


The 26th Cancri is loſt. Near this ſtar is placed the 140 of 


the ſame conſtellation, and, as their diſtance i 15 not much more 


than a quarter of a degree, it requires fixed inſtruments to 


determine which of the two is the ſtar wanting: from the 


magnitude, however, I ſurmiſe, that the 1 AE ſtar is the 


and rather tlian the 26. 


The 624 Orionis is loſt; and a ſtar near the Fal i = 4 ff 
not taken notice of by FLAMsTEAD. Perhaps the 62d has 
changed place; if this ſhould be the ow, it muſt have a very 
cdafiderable motion. 


The 


. eg ee, Mg * . 
verbs u Herculis, 4 "fiir of the "5th. til Gude) Bolt 
The oth and 71ſt are ſo near each other by rLAamS#x9% 
catalogue, that it cannot be determined without fixed inftru= - 
ments, which is the ſtar wanting. There is a ſmall teleſtopic ml 
ſtar, within about 30 minutes north followings | in a direction 
towards 4 Lyræ; if that ſhould be the 57ſt, it is wonderfully 
changed both in place and fize. The 4oth ſtat i Mr. MAYER: 
collection of double ſtars “ ſeems to be the 7oth Herculis' of 
FLAMSTEAD.' Now, as that ſtar is perfectly fingle 1 in my tele- 
ſcope, with every | power I have tried upon it, we may ſurmiſe 
that one of the ſtars which is now vaniſhed was {till viſible ; 3 
the year 1778, when Mr. MAYER obſerved it, though then 8 
already diminiſhed from the 5th to the 8th magnitude. wn 
| The 34th Comæ Berenices is loſt : FLAMSTEAD has 1 marked 
it as à flar of the 5th magnitude. Deg - 
The 19th. of the ſame conſtellation 1 is alſo loft, or moved 
and changed in magnitude. bY _— e 
The 40th and 41ſt Draconis hate undergone ſo great an 
alteration of place t that we cannot poſſibly miſtake it; for in 
FLAMSTEAD' s time they were above three minutes afunder, 
whereas now their diſtance is much leſs than half a minute. 
A more particular account of theſe two ſtars will be given in 
a ſecond collection of more than 400 new double ſtars, obſerved — _—— 
in my third review, which 1 hope ſoon to have the honour of 1 
preſenting to the Royal Society. bs _ OP. | 
There ſeems to be an alteration in the place of the 6 th, 
64th, 54th, and 57th Orionis; but without fixed inſtruments 
I cannot aſcertain in which of the ſtars it is. Their fituatton 
in the heaven does not agree with that which is delineated ; in 
FLAMSTEAD's Atlas Cœleſtis, for theſe two pair of ſtars are 
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Su that ou changed theix magnitude ſince TLANSTBA N. 
time. or - 


Draconis is ; fo much leſs than B, wi is fer down 25 a 
ſmaller ſtar in FLAMSTEAD's catalogue, that the change of 
magnitude cannot be doubted. 
Ceti marked of the 3d, and * Ceti of the 2d, are evidently 
the reverſe, g being by much the larger ſtar. I have men- 
tioned this circumſtance in my obſervations on the periodical 
ſtar 1 in Collo Ceti x, and i it ſeems now as if the difference be- 
tween the magnitudes of theſe two ſtars was ſtill increaſing. 


. 4 


STEAD has placed them in the ſame claſs : however, we cannot 
antirely confide in the marks of the magnitudes when two ſtars 


ther of the 4th magnitude, when obſervation ſhews the latter 


to be of the 3d and the former of the 4th, I think we can 


hardly doubt but that there muſt have been a change. 


1 Cygni is a brighter ſtar than * though marked by FLAM- 
STEAD of a leſs magnitude. 


The 2d Urſæ minoris is marked of the 6th magnitude, but 


as certainly intitled to the 5th. 
1 Bootis is much larger than 7, 
Delphini is much larger than u. 
B Trianguli is much larger than a. 
y Aquilz is much larger than Þ. 


Phil. Tran, yol, LX. numb, XXI. 


Pr wy 85 by 
4 
| 4 © mn 
6 — 
— P 4 FR | 
C. Y 


| T7 Serpentis is not near ſo large as y, and yet we find FLAM- 


are placed in the ſame claſs, ſince every order admits of a 


conſiderable variety; but when the marks contradict experience 
ſo far as to deſeribe one ſtar, for inſtance, of the third, and ano- 
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1 Sagittarii is ai than i, A u thoyeh magked, of ap; 


agn . 
inferior m 8 uty Ge, bless v13v Bb 115 ow 71 19130 vil} CH beets. 


I Canis majoris is larger thang, and yet is | gs ed: tg be Jets 
1 Serpentis is ſo much larger, than &, that they certainly 


1 


ſhould not have been put in the ſame order « of magnitude. 
* Serpentarii i is larger than and e, thoogh, marked 12 be. 


$$ % F® 


af a leſs magnitude than She 1 


44 * 


B Equulei is ſo much leſs than, s that! ir could ally ble 
to be put in the ſame claſs. 3 
1 Delphini 1 1s MF: than ts though Placed” in an e 
order. | To Yo Bod... 5 

- Fl Bootis | is s ſo * larger 15 dat it ſhould n bot be be 
into the ſame order. = 
I Sagittæ is larger than 4 and G, hepgh pled, in 2 ver 
order of magnitude. | Aol 
3 Urſæ majoris is leſs than cither (, 73 or 2. | though, it is 
marked of a ſuperior order of magnitude. Beſides, it is eyi-. 
dently viſible, that 9 cannot be intitled to more than the Ah | 


magnitude, or at moſt to between the 4th and 3d: on the 


the 2d and 3d; all which | is very « different from n ANA 
account of thoſe remarkable ſtars, len 75 1 1 

2 Urſæ majoris 1s leſs than any ſtar Ms oft the fame 
magnitude, and cannot have the leaſt pretenſion to be called a 
| far of between the iſt and ad, as FLAMSTEAD has e it, 
and as I make no doubt! it was in his time. 

The 1ſt and 2d Hydra are noted by FLAMSTEAD ; as fon 
of the 4th magnitude, whereas they now are only of the Sth 


„ 


or 9th. It is remarkable, that the Zoth Monocerqtis, which, 
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is ſituated between them, has retained the order aff gned to it 
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by Rs 0d belag bf the '6th ſerves to point out the 

change of the other two in a very evident manner. 2 

2D js muck larger than 8. 

The change | in Ry magnitudes of the mY and zb Dra- 

conĩs 1s vety Kriking. theſe two ſtars being juſt the contrary of 
| what they are marked in FLAMST EAP's catalogue. The 31ſt 

| from the Ith i is increaſed to the 4th ; and the 34th, from being 


4+ 2-47 * 


a ſtar between the 4th and 5th, is reduced to one of the 6th, 
If not th magnitude. 

* he 44th Cancri is much too ſmall for the 6th magnitude, 
As t and others are marked of the 6th, this, on being com- 
pared to them, can be iutitled to no more than the 8th or gth 


orde F. 


; "The o6th Tauri i is malt 23 to be of the 8th magnitude, 
though marked as one of the 6th. 


The 62d Arietis 18 ; of the 5th. rnagnitude, chough only 
3 marked of the 6th. . 
The 0 of the 12th and rath Lyncis are juſt the 
reverſe ! in the heavens to what FLAMSTEAD has marked them. 
This denotes à double change of a ftar from the 5th to the 
7th, and from the7th to the 5th magnitude. | 
The 38th Perſei, marked of the 6th magnitude, is increaſed 
ſo as to be equal to 8 and » of the 4th. Allo, 0 is leſs than 
T contrary to FLAMSTEAD. 

The 8th Monocerotis is lefs than the -6th Orionis, than 
the former ſhould be of the L conc an the latter only of the 
6th | magnitude. 838 

bs + he 23d Geminorum, though marked of the 5th, is leſs 
than, Þ the 21ſt of between the 6th and 7th magnitude, 
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The, 26th. Orionis f is much too, ſmall. for the magnitude of 
which it is marked to be, or rather i is loſt; forl * r 
take any one of the remaining teleſcopic ſtars for it. 5 
Z Leonis in FLAMSTEAD's time was of the 4th but is now 
leſs than a ftar of the 5th ii 
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Stars newly come to be wähle 
Near Lacerta's tail-end is a ſtar of between the Ich and zth 
magnitude, not mentioned in yLAMSTEAD's catalogue, though 


| the 1ft Lacertæ, not far from that place, is recorded. It is fo 
| eaſy to be ſeen with the naked eye, and in a ſpot where but 

few ſtars of that magnitude ate near, that we can hardly ac- 
count for its being omitted if 1 it had been viſible to vr Au- 


STEAD. Its colour is pale red. 
The ſtar of the 5th magnitude following F perſel, — 


to be v removed, is moſt likely 1 new, unlefs future obſervations 


were to favour the ſuppoſed motion of this ſtar., It is among 


the double ſtars of my 4th claſs, fo that it will be caly to 


detect its proper motion 
A very confidetable ſtar, not marked by FLAMSTEAD,. "ud 


be found neat the head of Cepheus. Its right aſcenſion 1 in 
time, is about 2” 19” preceding FLAMsTEAD's 10th Cephei, 
and it is about 4* 200 3” more ſouth than the ſame ſtar. It is 
of a very fine deep garnet colour, ſuch as the periodical ſtar 0 


Ceti was formerly, and a moſt beautiful object, efpecially if we 
look for ſome time at a white ſtar before we turn our R 
to it, ſuch as « Cephei, which is near at hand. 

A conſiderable ſtar in a direction from the 68th. Geminorum 
towards the 61ſt is not to be found i in LAN STEAD, its colour 
is red. 


Mm 2 A ſtar 


ber Motion 


W ie hex Cohtalbedd u fl. Ats PE M's catalogue. It is a double 


ſtar of the felis, eh8'61 f Uf V tec d wanne where 
fledſtires Brit will befothigt® A GN 1 


A conſiderable "ſtar following the Santis and another 
following the 7th, are not inſetted. 


Between g Cancri and a Hydrz 1 Is a very confderble ſtar not 
marked by FI AMSTEAD, though. i its tuation is 18 very remarkable. 


1 > 11. 1 «© 4a 4 4 T1 . 
8 t he con te] ation. of . contains ſo rich a collection of 
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| ſm ars, it is to * wondered how : a ſtar of ſuch, conſe- 
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JU ce could þ omitted,” it had 2750 viſible i In FLAMSTEAD's 
27 700 i Ds 25 3 D9 i 07 7 
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de 10 de rree 1 1 north following 7 tei, almoſt i in the 
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4th and 5H ae 
39104 


can 


Mut 


About FN 1 ſouth a” 7 Bootis, a. © ntiderithe 
ſtar n ot in FLAMs TEA PD's catalogue of the 6th magnitude ; ; and 
fouth preceding à, another, almoſt as large. 2D 

Here we ought to obſerve, that it is not eaſy to prove a ſtar 
to be newly come ; for though it ſhould not be contained i in 
any catalogue whatſoever, yet the argument for its former 


non appearance, which is taken from its not. having been ob- 
ſerved, is only ſo far to be regarded as it can be made probable, 


or almoſt certain, that a ſtar would have been obſerved had it 
been viſible. For theſe reaſons I will lay no particular ſtreſs on 
the new appearance of the above ſtars; they : are, however, ſuch 
as do well deſerve to have their places ſettled, while I ſhall 
leave it to others to determine how far they may think them to 


be new vilitors to thoſe ſtarry regions that fall within the reach 
of our ight. | 
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direction of J and ” is a Tar of f the a or between the 
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"of [bi Sun and Solar „ 259 
7 return to the ptiticipal ſubzect of his paper, which'is 
| the proper motion of the ſun and ſolar ſyſtem: does it not 
ſeem very natural, that ſo many changes among the ſtars,— 
many increaſing their magnitude, while numbers ſeem gra- 
dually to vaniſh';— ſeveral of them ſtrongly ſuſpected to be 
new · comers, while we are ſure that others are loſt out of our 
fight ;— the diſtance of many actually changing, while many 
more are ſuſpected to have a conſiderable motion :— I ſay, does 
it not ſeem natural that theſe obſervations ſhould cauſe a ſtrong 
ſuſpicion 1 that moſt probably every ſtar in the heaven is more or 
leſs in motion? And though we have no reaſon to think, that 
the diſappearance of ſome ſtars, or new appearance of others, 
nor indeed the frequent changes 1 in the magnitudes of ſo mauy 
of them are owing to their change of diſtance from us by pro- 
per motions, which could not occaſion theſe phenomena with- 
out being inconceivably quick; yet we may well ſuppoſe, that 
motion is ſome way or other concerned in producing theſe 
effects. A flow motion, for inſtance, i in an orbit. round ſome 
large opaque body, where the ſtar, which is loſt or diminiſhed 
in magnitude, might undergo occaſional occultations, would 
account for ſome of thoſe changes, while others might per Jl 
| haps be owing to the periodical return of large ſpots on that 
ſide of the ſurface which is alternately turned towards us by a 
rotatory motion of the ſtar. The idea alſo of a body much 
flattened by a quick rotation, and having a motion ſimilar to 
the moon's orbit by a change of the place of its nodes, whereby. 
more of the luminous ſurface would one time be expoſed to us 
than another, tends to the ſame end; for we cannot help 
thinking with Mr. DE LA LANDE (Mem. 1976), that 
the ſame force which gave ſuch rotations, would probably 
alls- 
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100 acoation motions of a different kind * a awaſetcn of the 
center. Now, if the proper motion. of the ſtars in general 
be once admitted, who can refuſe to allow that our fun, with 
all its-planets and comets, that is, the ſolar ſyſtem, is no leſs 
liable to ſuch a general agitation as we find to obtain among all 
the reſt of the celeſtial bodies 7. 

- Admitting this for granted, the greateſt difficulty will * 
how to diſcern the proper motion of the ſun between ſo many 
other (and variouſly compounded) motions of the ſtars. . This 
rduous taſk indeed, which we muſt not hope to ſee ac- 
— in a little time; but we are not to be diſcouraged 
from the attempt. Let us, at all events, endeavour to lay a 
good foundation for thoſe who are to come after us. I ſhall 
therefore now point out the method of detecting the direction 
and quantity of the ſuppoſed proper motion of the ſun by a few 
geometrical deductions, and at the ſame time ſhew by an appli- 
cation of them to ſome known facts, that we have already 
ſome reaſons to gueſs which way the folar ſyſtem | 1s prodeky 
tending its courſe. 
| Suppoſe the ſun to be at S, fig. .; the fixed thee to be dif 
perſed in all poffible directions and diſtances around at s, 5, 5, . 
&c. Now, ſetting aſide the proper motion of the ſtars, let us 
firſt conſider what will be the conſequence of a proper motion 


in the ſun; and let it move in a direction from A towards B, 


4 Relating to the motion of the . flars, the Aſtronomer Royal has an 
expreſſion in the ſecond page of the explanation and uſe of the tables publiſhed in 
| his Aſtronomical Obſetvations; which ſeems to favour this idea, where he men- 
tions the . peculiar but ſmall motions, which many, Ir vor att or ThE, 
© 44. have among themſelves, which have beef called their proper motions, the cauſes 
„% and laws of which are hid for the preſetit in almoſt equal obſcurity.” 

1 See Mr, micnELL's note, Phil, Tranf. vol. LVII. p. 252. 

„ 3 Suppoſe 


guppoſe it now V arrived at C. Here, by a mere 3 of 
the figure, it will be evident, that the ſtars 2, 5, 7, which were 
before ſeen at , a, a, will now, by the motion of the ſun from 
Sto C, appear to have gone in à contrary direction, and be 
ſeen at b, b, b; that is to ſay, every. ſtar will appear more or 
leſs to have receded from the point B, in the order of the let- 
ters ab, ab, ab. The converſe of this propoſition is equally 
true; for if the ſtars ſhould all appear to have had a retrograde 
motion, with reſpect to the point B, it is plain, on a ſuppoſi- 
tion of their being at reſt, the ſun muſt have a direct motion 


towards the point B, to occaſion all theſe appearances. From a 


due conſideration of what has been faid, we 2 draw the 
following inferences. 
1. The greateſt or total ſyſtematical parallax of the fred! 


1 to the direction AB. of the ſun's motion. 


5, 5, not in the line DE, will be to the total parallax as the 


fine of the angle BSa, being the ſtars diſtance from that point 


towards which the ſun moves, to radius. 


3. The parallax of ſtars at different: diſtances will ny in- 


verſely as thoſe diſtances; that 1 is, one half at double the dif. 
tance, one third at. three times, and fo on; for the ſubtenſe SC 
remaining the fame, and the parallactie angle being very 


ſmall, we may admit the angle 8; C, to be overtly as the ow 


Ss, which is the ſtars diſtance. 


4. Every ſtar at reſt, to a ſyſtem in motion, will appear to 


move in a direction eontrary to that in · which the. ſyſtem is 


moving. 
Corollary. Hence it follows, that if the ſolar ſyſtem be car- 


ried towards any Tas ſituated in the ecliptic ; every ſtar, whole 


angular 
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ſtars, fig. 2. will fall upon thoſe that are in the line DE, at 


The partial ſyſtematical parallax of every other ſtar, 


angular diſtance ia antecedentia (reckoned upe 
from the ſtar towards which the ſyſtem moves). is leſs than 
180 degrees, will deci 
contrary, every dar, Whale diſtance from 


ſyſſem, by which we might find what alteration of longitude 
or latitude would take place in any given ſtar; but it will be 


* TTY * * * 
% de 7 — N . — 


Mt NERSCHBL on n 1 ing" | 
m the ecli ptie 


reaſe in longitude. And. that, on the 
dame ſtar 


7 Bye * 


(reckoned upon the ecliptie but / in conſequentia) 1 15 les than 180 


degrees, will 


acreale. 1 in longitude, 1 1n Path cales without ſor 


ration of latitude. e 


From theſe principles it nds Fo + to een . 
theorems for every poſſible direction of the motion of the ſolar 


time enough for thoſe inveſtigations when we ſhall. have more 


immediate occaſion for them. What we are now: chiefly: to 


endeayour at is, the ſpeedy method of e ſufficient fad 


: to proceed upon. 14: 


The immenſe 8 of the, ** ſtars may be bo 5 IH as 


an infinitely expanded globe, having, the folar, ſyſtem for its 
center. 3. LA. 


1th this idea it will occur to us, that no method 
can be ſo proper for finding out the direction of the motion of 


the ſun as to divide our obſervations on the ſyſtematical paral- 
lax of the fixed ſtars into three principal zones. Theſe, for 


the convenience of fixed inſtruments, may be aſſumed ſo as to 


let them paſs around the equator and the equinoctial and ſol- 
ſtitial colures, every one being at rectangles to the other two, 


according to the three. dimenſions of ſolids. And ſince no ob- 
ſervations can be ſo conveniently made to aſcertain ſmall rela- 
tive proper motions among the fixed ſtars as thoſe on double 
ſtars, I have continued my reſearches in that line with great 
application, and can now furniſh out theſe three zones, with a 


very complete ſet of double ſtars for ſuch obſervations. We 
have the greateſt reaſon to hope for ſucceſs in this attempt ; for, 


- 
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i. I. am cat bib; there will be found a ſecular (yſtematica] 

parallax oſ ſome conſiderable value; nay, poſſibly, ſo ſhort a 

ſpace of time as ten years may ſuffice to bring us TIE 

with many hitherto unknown celeſtial motions. _- 

The equatorial zone, extending 10 degrees on each fide of 
the equator, will coittain about 1 5 ſtars which I have found to 
be double, viz. | 

Piſcrum 38. 51. 77. 86. vorth df 1100 113. | 

Ceti ſouth of I 13 foll. 25. 26. 37. north of 37. 0. 54. 

61. 66. 
4 Eridani 32. nest . 62. hai 

Tauri near 10. 45. foll. 66. 88. 
Orionis foll. 1. near 10. foll. 10. 19. pre. 20. 20. 23. near 

26. 28. near 28. pre. 29. near 30. between 30 and 33. 
32. 33. 34. foll. 34. pre. 36. 39. 41. near 42. 44. ano- 
ther 44. pte. 46. north of 46. foll. 47. . 30. 52. pre. 
58. 58. 59. ö 
Monocerotis 8. 11. near 11. 1n naribus. Sub genam. later 
pedes. near 1 2. foll. 15. pre. 25. foll. 25. 29. 31. er. ES 
Canis minoris near 10. * 10. 14. 
Cancri 17. | 
Hydræ pre. 4. pre. 4. foll. 4. 15. 17. pre. 2 22 bol. 140 
1 . „. — 2 
Leonis 3. foll. 3. pre. 43 fouth of 43 57. foll. 63. 74 110 


pre. 75. 83. 84. 1 | 
Virginis 4. 17. 25. 29. 44. 44. 51. 51. 84. pre. 93 | 
I. 

7 | 


Libre 17. near . 110 
Serpentis 58. 59. 63. — il 
Serpentarii near 11. 53. 61. G7. ſouth of 6. 70. 
2 Mun Aquilæ 


— 


er, Motion 
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N 1, 149 90083243 10 6. pf 1811101 11 105 24. my 1 
. 22 near þ near pre. f and Fa 26 4. pre. 35 bo 
near ne e + Go 155 1109 ur . iJ inc 

* . « N 7 
557 ve gs. e near 54. $7: near 64. en 
655 nat 65 65. 5 5 
1 Oz IL dus gl. . TED; yy 2'Y {8-1 e1912207 7 ] 
Iphin 1. 5 
I 2 068. cob. 


Aquarii 4. 4. 22. 24- 51. 55. foutls* of 72. 
_Equylei-1 4 pre. 1. ſouth of 2. ſouth of 6. e 
”* cgali 3.0 near 3. 8. near 18. . . ©: 
FPiſcium e 8. ſouth « of © 10. 35. Nil N 
ti ſouth of of Fe, e & £66 1 
155 . of 85 cet cold; eatendlüg 1e * of 
a great circle on each fide, will contain, as far as it i is viſible | in 
our hemiſphere, about 70 double ſtars, „ 
Ceti foll. 4. near 13. F 
| Aquarii 207, - FEELINGS 5 310 
Piſcium 51. 38. 355 36; 1 
Andromedæ 21. Supra caput. 29. pre. 23; 1 near 
. 17. e 
Caſſopeæ x pre. 2 5. prec. 2 5 8. 24. 18. 6. 9-41 ſouth. of 11. 
55. 34. 31. 4. 3. 2. near 33. 35. 36. near r 3. 44. 47: 
Cephei 1. foll. 32. fell. 32. foll. * 
Urſæ minoris 1. =” - 
Draconis 40 and 41. Een and 14. near 77. "is 47 
Urſæ i majoris 79. between 50 and 38. foll. 4-65 57 near 


58. ſouth of 69. 


% 


ES 1 . "Y 4 F 
GA i *.4 # ; 


: x 1 op , - 
= "> 3 %- 
. þ v v * 0 % % * 


| [IN venaticorum 12. 2. = 
Com Berenices 24. from 36 to 26. 2. 12. 
Leonis 95. 90. 93. Pre. 9. 
Virginis 29. pre. 44. between 4 and 6. Ms 2 5: 27 Harb 
= of 12. 04 
: Corvi * 
Crateris 17. foll. 21. 


* 6 * 
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The zone of 7 ſolſtitial colure, of the n extent, will 

nclude about 120 double ſtars, Vie! 

Canis majoris north of 13. 4 foll. * ' foll 2, foll. 5. 
Monocerotis 11. 8. 12. near 11. In naribus. foll. 15s, Tater 
pedes. Sub egg. r ee TT £] 


— 48. near 42. 41. 44. 4 50. bol. 72. 58. In fuſe | 
59+ pre. 70 and 76. pre. 58. Pre. 69. 325 KR, | 
Geminorum 43. 38. pre. 1. between 13 and 18. 25. 15. "north I 
on of 19. 1.2, NEAT 34. 27. 37- Near 24. near 44. ſouth of 
18. foll. 1 13 and 18. 5 

"TX north of 123. Þ 

Aurigæ 29. 13. . 34. 32. ſouth of 34 86. near 59. 
pre. 58. pre. Nebulam. 41. 

Luyncis 12. In naribus. 5. 13. In peQre, | 19. 
Camelopardali. In aure. 2 
Urſæ minoris 1. near 18. near 12. fy 
Draconis 39. 63. 19. 21. 56. 31. 47. 24 and 25. 69. 46. 
near 31. 40 and 41. 48. near 23. near 77. 

Cephei 5 33 
Herculis 75. 95. over 8: 5. near 37. 100. . 86. _ near 94. 
near 103. 

Lyre Py 5+ 6. 10. Yes 8. 11. near 3. near 6 and 7. foll. 
„ Wr pre. IO, pre. 14 and 15, 14 

Serpentarii 70. 54. 61. 5 3. <7: near 67. north of 72. north 

of 72. 

Serpentis 59. 63. 58. 
Aquilz near 7 and 8. 2. near 6. near 6. 3 | 
Sagittarii 13. 38. 1 
It will not be amiſs to add a. Zone of the ecli ptic, which will | 
contain, among others, a great many double ſtars that may 

Nn 2 undergo 


0 f = 
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undergo\.cecultitions by the moon or platipes2'i This is of the 
ſame'exteaity/ and includes about 120 double ſtats:- N s v1 wc 
1 Arietis north 4 F. pre. 6. north of 600 pre. 1 701304! 45, 
prch g Folk 644 pre 637 fol. 63. foll. 63. foll/ 63 
oe Taorilgear 4. 7. pre. 8. foll. 11. 30. 52. 59, 62. 682 ffoll. 
!. pt. 74. 87. 94. 103. north of 103. . e 


ht 44 foll. 117. 178. north of oy” £1 f RNA) 
Otionis 68. Pre. 69 pre. 70 and 76. 79905 N Ob an 7 
ige 14. 26. pte. Nebulam. 199 dn 


Geminorum pre. I. 4. 12. el. 73 and 18. 15. 18. 21. 
ee near 24. near 24. 27. 37. 58.34. foll. 55. 1 
67 63. north of 63. 66. 78. foll. 78. foll. g. 
„aner 11. 16. foll. 16. 12. 5 wg 5. Ms "$4: pro. 77 

46:13 6 Holl. ls OF -» Ft] 10 5 
Leonis 2 3. foll. 3. 6 7. 14. 25. 32. 41. bor if 43 

pre. 434 foll. 44. 57. foll. 63. 74. pre. 75. 83. 984. 
Virginis 4. toll. 4. 1 e * KW . e IND 

de $445 3 4+ 1574 CCTCCCCCCCC cy lim + 
: Labrz pre. 12. 18. 24. 310 31 „„ b 1 
Scorpii 8. 14. 5 S e 220 14 d el 

15+ Seopethtarity. 38. h9v7:w or i rn HP OH 
Sagittarii 13. 38. foll. 43. 605 near 65. 24S 6; PE 

Capricorni north of 1. 5. 7. 9. 11. 12. near 29. 29. 39. 
Aquarii 14. 22. foll. 43. 81. 55. 1575 70. 71. 72. 91. 94. 


Piſcium near 7. ſouth of 8. 35. 38. 51. 77. 86. 110. 125 


| Ceti foll. 3. near 13. 26. 54. | 
An account of each of theſe double ftars, not e in my 


firſt catalogue, will be contained in the fecond collection. It 
remains now only for me to make an application of this theory 


to ſome of the facts we are already acquainted with, relating to 
the proper motion of the ſtars. And firſt let me obſerve, that 


the 


of the Sun and Slax _— (7 267 


the heb of! philoſophiting direct us to /t fer all phenomena to 
as few and ſimple! principles as are ſufficient! to explain them. 


Thus, for iinftance, we ſce the ftars and Flanets riſe and ſet 


every day't now; as it is much more fimple ta admit the earth 
to turn ones in 24 hours, than to ſuppole every ſingle: ſtat to 


diurnal motion to the earth; but :y et, ſince we find that the 
planets do not every night exactly retair their relative places 


among the ſtars, we next admit that fuch deviations from the 


law, which all the reſt ſeem to obey, are owing to a proper 


motion of their own, To apply this to the ſolar ſyſtem. — 


Aſtronomers have already obſerved what they call a Proper mo- 


tion in ſeveral of the fixed ſtars, and the ſame may be ſup- 


poſed of them all. We ought, therefore, to reſolve that 


which is common to all the ſtars, which are found to have what 


has been called a proper motion, into a fivgle real motion of 
the ſolar ſyſtem, as far as that will anſwer the known facts, 
and only to attribute to the proper motion of each particular 
ſtar the deviations from the general law the ſtars ſeem to 
follow in thoſe movements. 

By Dr. MASKELYNE's account of the proper motion of 
ſome principal ſtars *, we find that Sirius, Caſtor, Procyon, 


Pollux, Regulus, Arcturus, and « Aquilæ, appear to have re- 

ſpectively the following proper motiovs in right _ 
=o 63 0% 28; -6',80; -0",93; -o”,a1; 1% 40; 
and 40 5575 - and two of them, Sirius and e, in de- 


clination, viz. 1 / 20 and 2 of, both ſouthward. Let fig. 3. 


repreſent an equatorial zone, with the above mentioned ſtars 
referred to it, according to their reſpective right aſcenfions, 


-—P Aſtronomical Obſervations made at the Royal Obſervatory at Greenwich. 


Us 


N having 


revolye round the earth in that time, : we. very juftly aferibe a 


5468 . HERSCHEL on 9 proper - Motion 
having the ſolar ſyſtem in its center. Affume tha direQtion AB. 
from a p a pint ſomewhere not far from the J de 17 of right 


77 % 5.90 [rv 307 RM 2 10 


ucenho 05 1 ite 2 rec ſu the fi 
Y (cenfi —_— TER 8 SO. 57 b WET? Ta) uppaie will. th : TW o 
move 1 t = reg rem 8 toware 8 3 then th nar, one, 

motion an Wer that of. all like ſtars to gether : . for if th che fuppo- 

21377? hte! 1 1 9 


* 


N | a8 Fi? 
; ſiti on me Arcturus, Regulus, Polos, e Cults, 
t. Th G ny 1 


if 21834 1 | 
and Sie ſhould appear. to decreaſe in right. aſc enſign, while 
ore 


LT b 
contrary, thould appear to increa ile. 
T to a dend at the fame time i in che fame 


2 4 5 rhe 

"4 FAV 

B 418 ſuppole 12) torr. os 
of 


irection towards ſome point. in. the. northern. hemiſphere, for 


inf tance, towards the nſtsllation of Hercules; Y then will allo 
the oblerved cl ang * declination c of Sirius and Ares be 
. into the 1 5 of. the ſolar ſy ſtem. 1 Lam well 
< remaining difficulties, ſuch z a5 the cor- 

each ftar's ; obſerved y proper 


| 12 wy 8 Wen that will be Aligned, wk by this 


Ak | Faq: 


5 for a good 1 while yet, leave us in the dark about the Particular 
and ſtrict application of the theory; and that any deviation from 
it may eaſily be accounted for by the ſtill unknown real proper 
motion of the ſtars: for if the ſolar ſyſtem have the motion 1 
atſcribe to it, then what aſtronomers have already obſerved con- 
cerning the change of place of the ſtars, and have called their 
proper motion, will become only an apparent motion; and it 
will ſtill be left to future obſervations to point out, by the 
deviations from the general law which the ſtars will follow in 
thoſe apparent motions, what may be their real proper motions 
as well as relative diſtances. But leſt I ſhould be cenſured for 
admitting. 10 new and capital a motion upon too ſlight a foun- 

6 7 dation, 


| | and ftill unknown 5 9 e I the fixed 4 5 wol, 
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pull A ©3189 2 Lit 1£::93Iv1 16 oe | 
dition, 1 an} ſerve, that "the. concurrence lp ROAR even 1 
l. £14\ e IQOTLAEL J LW net THT | 
principal 3 ſtars cannot but give ſome value to an Þ Pp 55 95 A 
will ſimplify t thereleſtial motions, in general. We know th 5 
the ſun, at the diſtance of a fixed ſtar, would a pppear like one 
of them; and from analogy we conclude the ſtars to be ſuns. 
Now, ſince the apparent motions of theſe ſeven Kare may be 
accounted for, either by ſuppoſi ing them to move juſt 1 in the 
manner they appear to do, or elſe by ſuppoſing the ſun alone 
to have a motion in a direction, ſomehow not far from that 
which I have aſſigned to it, I think we are no more authoriſed 
to ſuppoſe the ſun at reſt than we ſhould be to deny the diur- 
nal motion of the earth, exeept in this reſp c, that the proofs 
of the latter are very numerous, whereas the former reſts only 
on a few though capital teſtimonies. But to proceed : 1 have 
: only mentioned the . motions-of thofe ſeven principal ſtars, as 
being the moſt noticed and beſt aſcertained of all; I will now 
adduce a a farther confirmation of the ſame from other ſtars. | 
M. DE LA LAxpE gives us the following table of the pro- 


; per motion of 12 ſtars, both in right aſcenſion and declination, a 
in. 50 _ „ ; 


— 


* Aſt. Par M. vr 14 rer, tom. IV. 6s. Geleit | | 


"4 An. * « » . 

5 94 'T F ; 
; p 1 
b - ö 1 * a” hd 3 . a bs | 
p | | 
, : 
. 14 . _ * , - » : 

_ , y * % p 
. E 1 4 4 4 
. 4 * 5 


Etoiles 


. avere an tbe be jr Mie | 


1 . 
| 3 WS. As a. STI 
1 I Axcturus =1 11 t 85 * 
? _ 8 lh EP = 1G Þ: ts; 
M Er 008 4. + (049-1 
_—_ * 9 Fon. YR? 33 wy 47 þ- 
VVT 
J Arietis hk 1 4 | — 29 | 
E Gemin,. | = 8 — 24 
| Aldebaran| x 3 = 18 
NF 6 Gemin. I TV: 40 | IL b 16 1 
I Piſcium + 53 + 7 
* « Aquilæ + I |. — 8 
Sn 5 Gemin, 1 wen Ke U A A, 


Fig. 4 4. repreſents cha projected on the 4. of in equa- 
tor, They are all in the northern. hemiſphere, except Sirius, 
which muſt be ſuppoſed to be viewed in the concave part of the 


oppolite | half of the globe, while the reſt are drawn on the 
_ convex ſurface. Regulus being added to that number, and 
| Caſtor being double, we have 14 ſtars. Every ſtar's motion, 
except Regulus, is afligned 1 in declination as well as in right 


aſcenſion, ſo that we have no lefs than 27 motions given to 
account for. | Now, by aſſuming a point ſome where near A 
Herculis, and ſuppoſing the ſun to have a proper motion to- 
wards that part of the heaven, we ſhall ſatisfy 22 of theſe 


motions. For 8B Cygni, & Aquilæ, Cygni, y Piſcium, y 
Arietis, and Aldebaran, ought, upon the ſuppoſed motion of 
the ſun, to have an apparent progreſſion, according to the hour 
circle XVIII, XIX, XX, &c. or to increaſe in right aſcenſion, 
while Arcturus, Regulus, the two ſtars of 4 Geminorum, 
Pollux, Procyon, Sirius, and y Geminorum, ſhould apparently 


80 


: 
{ 
( 


1 


| fo as to decreaſe in right aſcenſion ; but according to M. vs 
1A LANDE's table, excepting g Cygni and y Arietis, all theſe 
motions really take place. With regard to the change of de- 
clination, we ſee that every ſtar in the table ſhould go towards 


the ſouth ; and here we find but three exceptions in G and ? 
Cygni, and Piſcium; fo that upon the whole we have but five 


deviations out of 27 known motions which this hypotheſis will 
| not account fer. And theſe exceptions muſt be reſolved into 
the real proper motion of the ſtars. 


There are alſo ſome very ſtriking circumſtances i in the quan- 


titics of theſe motions that deſerve our notice. Firſt, Arctu- 


| Tus and Sirius being the largeſt of the ſtars, and therefore pro- 
bably the neareſt, ought to have the moſt apparent motion, 


both in right aſcenſion and declination, which is agreeable to 


obſervation, as we find by the table. Next, in regard to the 


right aſcenſion only, Arcturus being better fituated to ſhew 


its motion, by theorem II. p. 261. ought'to have it much larger, 


which we find it has. Aldebaran, both badly ſituated and con- 


ſderably ſmaller than the two former, by the ſame theorem 
ought to ſhew but little motion. Procyon, better ſituated than 
Sirius, though not quite fo large, ſhould have almoſt as much 


motion; for by the third theorem, on ſuppoſing it farther off 


becauſe it appears ſmaller, the effect of the ſun's motion will 
be leſſened upon it; whereas, on the other hand, by the ſecond 
theorem, its better ſituation will partly compenſate for its 


greater diſtance. This again is conformable to the table. 


: Cygni very favourably ſituated, though but a {mall ſtar, 


bould fthew it conſiderably as well as « Aquilæ; whereas Þ 
Cygni ſhould have but little motion: and. y Piſcium, beſſ 
Vol. LXXIII. f O O 5 ſituated 
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go back in the order XVI, XV, XIV, &c. of the hour circle, 


lxuated, of. all thould; have;,a great increaſ 
aud thefg, deductions alſo agree with the table. 


theſis. is diſplayed. in Caſtor and Pollux. They are both pretty 
well ſituated, and we accordingly find that Pollux, for the 


Motion 
fa of right. antes. 


In the laſt place, a very ſtriking agreement with the hows 


ſize of the ſtar, ſhews as much motion.. in right aſcenſion as 
we. could expect; but it-is remarkable, and ſeemingly contrary 


to our bypotheſis, that Caſtor, equally well placed, ſhews by the 
table no more than one half of the motion of Pollux. Now, 
if we recolle& that the former i is a double ſtar, conſiſting oſ 
two ſtars not much different in ſze, we can allow but about 


half the light to each of them, which affords a ſtrong pre- 
ſumption of their being at a. greater diſtance, and therefore 


their partial ſyſtematical parallax, by the third theorem, ought to 
be fo much leſs than that of Pollux, which agrees wonderfully 
with obſervation v. Not to mention the great difficulty in 
which we ſhould be involved, were we to ſuppoſe the motion 
of Caſtor to be really in the ſtar: for how extraordinary muſt 


appear the concurrence, that two ſtars, namely thoſe that 
make up this apparently ſingle ſtar, ſhould both have a proper 
motion ſo exactly alike, that in all our obſervations hitherto 


they have not been found to diſagree a fingle ſecond, either in 


right aſcenſion or declination, for fifty years together ! Does not 


this ſeem ftrongly to point out the common cauſe, the motion 
of the ſolar ſyſtem? f 


* If the light of Caſtor was exactly ct to that of Pollux, and the two o ſtars 
which make up the former ſtar, were perfectly of the ſame ſize, we might, on 
that account, ſuppoſe the diſtance of Caſtor from us to be to that of Pollax a8 
1 2: 1; but Caſtor is in fact ſomething leſs bright; and this conſideration, added 


ro the former, will make it probable enough that its diſtance may perhaps be 
d>udle that of Pollux. 


With 
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+ 
With deped to ches change of declination I would obſerve, 
that the point of x Herculis, which in fig. 4. js aſſumed as the 
Apex of the ſolar motion is not perhaps the beſt ſelected. A 
| fomewhat more northern ſituation may- agree better with the 
| changes of declination of Arcturus and Sirius, which capital 
ſtars may perhaps be the moſt proper to lead us in this hypo- 

theſis ; but as we ſhould be guided by facts in reſearches of this 
nature, it may be as well to expect the aſſiſtance of future ob- 
ſervations before we are too particular in determining this 
point T. | 3 
lt may be expected I ſhould alſo mention ſomething concern 
ing the quantity of the ſolar motion; but here ] can only offer 
| a few «diſtant hints. From the annual parallax of the fixed 
ſtars, which, from my own obſervations, I find much leſs than 
| it has hitherto been proved to be, we may certainly admit 
{without entering into a ſubje& which I reſerve for a future 
opportunity) that the diameter of the earth's orbit, at the 
diſtance of Sirius or Arcturus, would not nearly ſubtend an 
angle of one ſecond; but the apparent motion of Arcturus, if 
| owing to a tranſlatien of the ſolar ſyſtem, amounts to no leſs 
than 2", 7 a year, as will appear if we ra powered the two mo- 
tons of 1 11“ in right aſcenſion, and 1” 55” in declination, 
into one ſingle motion, and reduce it to an annual quantity. | 


*I uſe the term * 1 to denote chat point of 1 oheavis all great 
eireles, drawn through the ſuppoſed direction of the motion of the ſolar ſyſtem, 
merſe&, and which, in other ſtereographic projections, is generally a pole, either 
of the ecliptic or equator. As this point is in the northern or elevated hemi- 
iphere, the ſun, by tending to it, may be ſaid to aſcend, and the term Apex may 
perhaps not be an improper one. | 
. From the additional teſtimony of other capital ſtars conſidered in the poſt- 
leript it now appears, that the point of a Herculis is probably as well choſen as 
fy we can fix upon in that part of the heavens, 
O 0 2 Hence 
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can m certainly * be leſs n =; ed 2. earth —_ in ber 


annual orbit. 


I have now nbc. TY * an 
vations will ſoon throw more light upon this intereſting ſubject, 


and either fully eſtabliſh or overturn the hypotheſis of the 


motion of the whole folar ſyſtem. To this end I have already 


begun a ſeries of obſervation upon ſeveral zones of double 
- ſtars; and ſhould the reſult of them be againſt theſe con- 
jectures, I ſhall be the firſt to endeavour to ** out the fallacy 


of them. 


Datchet x near Windſor, 
Feb. 1, 1783. 


Y 2 zo * Paper . the ate, of the Sale Hen 


In my paper on the Motion of the Solar Syſtem, I wed « 2 
table of the proper motion of ſome fixed ſtars, which M- 
DE LA LANDE has given us as an extract from rok. MAYER'S 
Opera inedita. By the favour of my aftronomical friend Mr. 


AUBERT, I am now furniſhed with the ſcarce edition of the 


original. This work contains a catalogue of the place of 80 ſtars, 


obſerved by Mr. MAYER in 1756, and compared with the ſame 


ſtars as given by ROEMER 1n 1706. From the goodneſs of the in- 
ſtrument with which the obſervations to which Mr. NA VER has 


compared his own were made, he gives it as his opinion, that 


where the diſagreement in the place of a ſtar is but ſmall, it 


may 


aerrde en the — 94-4 FN 


tion of a proper motion of ſuch a ſtar. He adds, that chen 
the diſagreement is ſo much as in ſome ſtars hich he names, 
(among which is FOMAHAND, where the difference is 210 in 50 
years) he has not the leaſt doubt of a proper motion . { 
By this extenfive table I thought it highly neceffary Ans 
diately to examine the bypothefis of the motion of the folar 


if they ſhould be unfavourable ; or that, on the other hand, it 
might be ſupported by the additional evidence of more ſtars, 


have pointed out in my paper on this ſubject. 


| NOEMER's obſervations, and left out of the liſt all the ſtars that 


out thoſe 13, or rather 14 ſtars, which have already been exa- 
mined in my paper, and have been ſhewn to ſupport the hypo- 
theſis I have advanced : the reſt are here drawn up in two tables. 
The firſt contains the ſtars that agree with my aſſigned motion 


to a real motion in the ſtars themſelves, or to ſome fill more 
bidden cauſe of a flill remoter parallax +. 


“ De motu fixarum proprio Commentatio, Op. ined. Vol. I. p. 79. 
eſpecially as it claims a diſtant connection with our ſubject, and may hereafter 


| become of ſufficient moment to engage our attention. Mr. MECHELL's admirable 
idea 


o » Lathe: . you o 9 mak 16 "") N _— = p = < 2 F \ "_ 
"WR" - * * , 7 4 ” 8 4 * 0 4 * ad £4 by ” N . 1 * my * . * * TERS TH 3 y is * 4 * * * * 4 ” * = — 6 2 . N _ = wn F 4 _ - 
ths. x; ne. ads * "IM * 1 1 F 8 48 Ht "XY | wo OF 3 and ** "07 „ 12 R 2 . \ 0,9 I IS, * Wa mY 
s <=» is 4 -- \ » 1 = * = of - Pi : 4 * 8 5 1. þ 9 9 
* E + * o , »3 * \ * . k 4 "5" % 1 . 
= 1 bY * * * 
8 . a 7 * * 8 ” 
| 4 F _ 0 
. * 1 . * 
1 * p : CIT; q 
3 ; . 
* N P **5i'> 
- 


that when it amounts toi F'o:or: 1 Fl (hes At is a veryiprotdblerindioa- 


ſyſtem, that it might receive an early check from obſervations, 


if their apparent proper motions ſhould coincide with the idea 1 | 
I have followed Mr. MAYER'S judgement of his own and 


do not ſhew a difagreement amounting to To” in the places 
which are given for them in 1706 and 1756. 1 have alſo left 


of the ſolar ſyſtem; or rather which are thereby reſolved into f 


apparent, or partly apparent, and partly proper 1 motions. The 
ſecond table contains thoſe ſtars whoſe motions cannot be ac- 
counted for by my hypotheſis, and muſt therefore be aſcribed 


+ That 1 may not be obſcure, it will be proper to mention what I allude to, 
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. - vations : ; though this # th wn in wy opinion, take away the probability of many 
| ſtars being ftill as it were ſolitary, or, if F may uſe the expreſſion, inter ſyflematical, 

A agetirs then naturally, that by the principfe of gravitation, which is never at 
| weſt, and which we have no reaſon to doubt extends to all poſſible diſtances, one 
" ſyſtem. of ſtars will act on another as: if the ſtars of each ſyſtem were all collected 
into the venterof gravity of each reſpective Syſtem.” Hence then will ariſe this 
evident e conſequence, that a ftar, or ſun, ſuch as ours, may have a proper motion 
Within its own | ſyſtem of ſtars, while at the ſame time the whole ſtarry ſyſtem to 
which it belongs may have -another proper motion, totally different in quantity 
and direction. It will require no little abſtract conſideration to conceive the 
poſſibility of. what may be thus ſurmiſed; therefore an inſtance or two, to eluci- 
date the matter, may not be improper. If an inhabitant of the 5th ſatellite of 
saturn ſhould have diſcovered, that his little world revolves at a great diſtance 
round a planet, and to his great aſloniſhment ſhould alſo have found, that this 
planet again revolves round the fun; —if, farther, our hypotheſis of the ſolar . 
motion ſnould prove to be well-founded (which, in ſome of the ſtars, ſuppoling 
them to be ſuns · ſurrounded with: planets and ſatellites, muſt certainly be the caſe); 
then a third capital motion will be introduced to this inhabitant of Saturn's ſatel- 
lite; ; and he will experience, in a narrow compaſs, what we now ſurmiſe may poſlibly 

be our caſe upon a more extended ſcale, by the motion of the whole ſyſtem of 
ſtars to which our ſun may belong. Another view may, perhaps, ſtill better 
thro a light upon the ſubject. Let us admit that a very ſmall nebula may be a 
collection of a thouſand ſtats: and if Mr. MICHELL s opinion of our ſyſtem of 
ſtars, which he aſſumes to be about a thouſand (Phil, Tranſl. vol. LVII. P. 255+ ) 
| has any foundation, all theſe ſtars taken together will only ſubtend an angle of 
barely a minute to an eye placed 3438 times as far from the center of the ſyſtem 
as the two fartheſt ſtars in it are from each other. Now as I have found ſome of 
theſe nebulæ that are ſo ſmall, that a tolerably good teleſcope cannot diſtinguiſh 
them from a ſingle ſtar, whole ſyſtems of ſtars, when preſented to our imagination 
under this diminutive ſhape of nebulz, will eaſily, I believe, be admitted among 
the number of thoſe celeſtial bodies that may have a proper motion. I ought to 
carry this hint a little farther, juſt to ſhew that it may poſhbly be applied to the 
-ſabject of reſolving a number of concurrent proper motions of the fixed ſtars 
into apparent ones; and thereby, in proceſs of time, to arrive at the knowlcdge 
of all the real complicated motions of the planet we inhabit ; of the ſolar ſyſtem 
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CHE EIFS 
B Ceti +32 | T Hyd * N N 
« Arietis |+10| oy Leporis |-10 

n, Urſæ majoris —33-|+10 

a Ceti [+16] « Serpentarii ſinſen./ 

Perſei [+16 | 7 Draconis |+12 | 

| 9 Pleiadum — 6+ * Lyræ ſimſenſ. 114 | 
.y Eridani _[F14 | Y Aquilz 1420 
Tauri — I 11 » Capricorni 719 | 
a Aurigz [+11 |—-11 | Pegaſi 28 
| Þ Orionis  |inſenſ.jnſenſf; | T Capricorni + 24 -17f_ 

| 8 Taurr - 13 * Aquarn [+13 by | 
« Orionis — 1. 7 Pegaſi 41 
# Geminorum — 16 | Fomahand. |+21. | 

| o Navis 111 + 12 | 
Cancri — 114 * Jo. 
Uriz major! 1 ” + 34 LL, 


to which it belongs 3 3 1 even of the. fdereal ſyſtem, of which this fo may poſſibly 
be a member. We ſee then, that while the ſun, by a proper motion, is going 
towards a certain point of the heavens; each of the ſtars belonging to the ſidereal 
ſyſtem, of which the ſun is one, ſuppoſing them to be relatively- at reſt, with 
reſpect to each other, will be affected in the manner I have ſhewrr (p. 26 7, &c. of 
the Paper on the proper Motion of the. Sun) notwithſtanding the whole ſyſtem 
mould have a real motion in abſolute ſpace, and change 1 its fituation with reſpect 
to other ſyſtems or interſyſtematical ſtars, We ſee alſo, that with reſpect to ſtars 
not belonging to our ſyſtem, no parallax can appear but what is compounded of 
the proper motion of the ſun, and of the whole ſyſtem to which it belongs. And 
naould there ever be found, in any particular part of the heavens, a concurrence. 
of proper motions of quite a different direction, we ſhall then, perhaps, begin to 
form ſome conjectures beſides thoſe already mentioned by Mr. MICHELL p- 2 83. 


of the ſame volume of Tranſactions) which ſtars may poſſibly belong,to ours, and. 
which to other ſyſtems, 
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TABL'E it. 


Polaris Ws Iydt Sb 
y Ceti a Myrdm. '. |. -. [+ 13 
| G Perſei 2 Meters 1918727 
& Leporis | Y Cygni . 13 

+ Geminorum Pegaſi — 14 | 
«Canis majorig _ Ir 1 — 12 F 


From the firſt table. we Sicher, that the princi ;pal ſtars, 1 


Lida Lyræ, Capella, Orionis, Rigel, Fomahand, « Ser- 
pentarii, & Aquarii, « Arietis, & Perſei, « Andromedæ, { 


'Tauri, {3 Ceti, and twenty more of the moſt diſtinguiſhed of 
the ſecond and third rank of ſtars, agree with our propoſed ſolar 


motion; when, on the contrary, the fecond table contains but 


a few ſtars, and not a ſingle one of the firſt magnitude amongſt 
them to oppoſe it. It is alſo remarkable, that many ſtars of 


the firſt table agree both in right aſcenſion and declination with 
the ſappoſition of a ſolar motion, whereas there is not one 


among thoſe of the ſecond table which oppoſes it in both direc- 
tions. This ſeems to indicate that the ſolar motion, in ſome 


of them at leaſt, has counter- acted, and thereby deſtroyed the 


effect of their own proper motion in one direction, ſo as to 
render it inſenfible ; otherwiſe it would appear improbable, 
that eight ſtars out of twelve, contained in the latter table, 
ſhould only have a motion at rectangles, or in oppoſition to any 
one given direction. The ſame may alſo be ſaid of nineteen 
ſtars among thoſe of the former table, that only agree with 
the ſolar motion one way, and are as to ſenſe at reſt in the other 
direction; but theſe ſingularities will not be near ſo remarkable 
when we have the motion of the ſun to compound with their 
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W 
own. proper motions. . However, 1 forbear entering too much 
into refined: conſideration; 3. what we are chiefly | to determine at 
peeſent 1 is, an qutline or ſketch of what many repeated, and 

farther extended, obſervations, muſt ripen fo far as in time to 

enable us to apply more particular calculations. 
The motions, of « DLyræ and « Urſæ majoris towards the 

north are placed i in the firſt table; it will, therefore, be pro- C 
per to ſhew the general law by which the apparent declinations — 
of the ſtars, at preſent under conſideration, are governed. Let | 
an arch of go degrees be applied to a ſphere repreſenting the 
fixed ſtars, ſo as always to pals through the apex of the ſolar 

motion: then, while one end of it is drawn along the equator, 5 
the other will deſcribe, on the ſpherical ſurface, a curve which : 
will paſs through the pole of the equator, and return into itſelf 1 
at the apex. This curve, to borrow a term from natural hiſ- 
| tory, is a non-deſeript ; as far as I can find at preſent, and may | 
be called 2 ſpherical conchoid from the manner of its gener | 
ton. The law then is, that all the ſtars 1 in the northern he- {hi 
miſphere, ſituated within the nodated part of the conchoid, | 
will ſeem to go to the north by the motion of the ſolar ſyſtem 
towards its APEX; the reſt will appear to go ſouthwards, A 
imilar curveris to be delineated in the ſouthern. hemiſphere, i in 
the nodated part of which the ſame appearances will take 
ace. It will require but little attention to ſee the truth of | 
this conſtruction. my | 
Suppoſe the great circle Acam, fig. 5. 4 * the gene- 3 
ating quadrant mn is a part, compleated; then will it interſect 
the equator EQ in two oppoſite points me. 8 ſince the 
ex A, by the hypotheſis, is ſomewhere north of the equator, 
the great circle will always make ſome angle Am Q with it; 
ad the point 2, which is go degrees from the interſection m 7 
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fimple ; for inſtance, let it be required to find whether o7 


given ſtar will fall within or without the conchoid. Then, in 


fig. 6, there will be given Ps, the polar diſtance of the ſtar; 
and Obe, the difference of right aſcenſion between the ſtar and 
the apex of the ſun's motion A; alſo, the polar diſtance PA, 
and declination cA of the point A. Then, by trigonometry, the 
ſides P, PA, and the included angle being given, we find the 
fide As and angle PAs. Again, the fide cA, and ange 
cAm=PAs of the right-angled triangle Acm being given, we 
find the hypothenuſe Am; and if Am+As be leſs than 90 

degrees, the ftar falls within the conchoid, otherwiſe without. 
„ | It 


he will de "ion. that 58 5 py the want of ſenſible 
motion. of « Lyræ and right aſcenſion, and of 
Rigel bath. j in right aCenfion and, Eat ation to the account of 
thoſe ſtars. that are in favour. . Theſe ſtars are To bright, that 
we may reaſonably ſuppoſe, them to be among thoſe that are 
neareſt to us; and if they had any conſiderable motion, it would 


moſt likely have been diſcovered;. ſince the variations of Sirius, 


Arcturus, Procyon, Caſtor, Pollux, &c. have not eſcaped our 
notice. Now, from the ſame. principle of the motion of the 
folar ſyſtem, by which we have accounted for the apparent 


| motion of the latter ſtars, we may account for the apparent -reft | 


of the former, | Thoſe two bright ſtars, & Lyrz a and 2 Orionis; 
are placed ſo near the direction of the aligned ſolar motion, that 
from the application of my ſecond theorem (p. 261. of the 


1 2 


nſible i. in right aſcenſion, and not very conſiderable in 
e all which we find is confirmed by obſervation. 


apparently at reſt 3 in right aſcenſion ; and Rigel having ſoutheru 
declination, and being a. leſs n e ſtar than * Orionis, 
which ſhews but 11“ motion towards the ſouth 1 in 50 years, 
its apparent motion in declination may, on that account, be 


alſo too mall to become viſible. 


I ſhould not omit to take notice of a very remarkable paragraph 
of MayeR' 8, which ſeems to contain a ſtrong objection againſt 


the motion of the ſolar ſyſtem, while indeed it may be ſhewn 
to be a very good argument in its favour. At the end of his 
tract, De Motu Fixarum, he ſays: Tandem, quum et quæri 
poſſit, que hujus motus cauſa fit, hoc unum monere viſum, 

Pp 2 « illun 
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955 1 7 Motion of the Solar Syſtem). their motion ought 


M ith | reſpect to Rigel and « Serpentarii, admitting them both 
as fears large enough to have ſhewn a proper motion, were their 
ſituation. otherwiſe than i it is, we find that they alſo ſhould be 


I 2 ñ̃ꝙ q —— — 
.* 


EET pe mad from each other : for inſtance, ArQurus 


* - 
7 
- \ , \ 
- 


x. E Leeden on the u Main Me 
"Ree 7 e per motum totius ſyſtematis ſo- 
2 — 8. N Woke npefntbile lit, ſolem; ut ejuſdem cum fixix 
1 8 f cm hr eV q oY quarundatn in ſpatio mundano pro- 
«' moveri. Nam fi fol et com ipſo planetæ omnes noſtrumque 
« domicilium terra, recta tenderent verſus plagarn aliquam, uni 
vetſæ fixzx, quæ in ea plaga adparent paullatim a ſe invicem 
wigliſcedete, det du ſunt i in oppofita parte coch eoĩre viderentur; 
He ſecus'ac:perrfilean ambulanti arbores, que ante viam 
5 zum uhängf ridentürz quæ a tergo, congredi. Now, if 

Vet ohe 17 8 has Veen {aid of the motion of the ſtars, we 


find, that hoſe, 28 


bole, towar Ho. which I ſuppoſe the ſolar ſyſtems to 


from # byte; -« Aquilzand a Aquarii from a Serpentarii and: 
Vel ma tis; and, on the contrary, thoſe in the oppoſite part 
of the heavens 55 really e come nearer to each other; as Sirius 
to Aldebaran; Procyon to a Arietis; Caſtor, Pollux, Regulus, 
c. to « Ceti, « Perſei, « Andromedæ, &c. All this agrees 
with what MAvRR fays ought to happen, if the ſolar ſyſtem 

was to have a motion towards a certain part of the heavens; 5 
which, by the bye, I find this admirable aſtronomer mentions 
as a very poſſible thing v. However, when he ſays that al 
the ftars in thoſe parts towards which the ſun might be ſup- | 

poſed to move, ſhould recede from each other, and vice verſd; 
I muſt add, that this would only take place under the reſtrie- 
tions of my firſt, ſecond, and third theorems, and therefore it 
is not to be expected, that we ſhould immediately ſee the effect 
of this parallax in any but the ſtars that are neareſt to us. But 
as we have at preſent no other method of judging of the rela- 
tive diſtance of the fixed ſtars than from their apparent bright- 


® This paper, De Motu Fixarum, was read at Gottingen in January 1760. 
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py the Sun and Soler Syſtem, 4383 


”Y thoſe that are, moſt likely, op;that account, to be Added 


by a rallax —— 4 fram the mafignyc , of the folar ſyſtem, are 
the very ſtars vv ich, by MALE 8 gn e ae made uſo 
of to point it out 10 U ,. Gtcq) 1. 7775 75 ſo: | 155 A1 „ 


Datchet Nefck 13, 1783. t 195093 A * l 


215 2 ro) I 11 , oog S | E 50 176 35 (ft = IL. - 1 J 
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Ive lately been favouttetf by Dr. Wifben, "Profeffor of Atronemy at Gut. 
gow,” with'a mort tra; ralled, „ Thoughts on: geheral Gravitation, and Views 


« thence ariſing ag 49; the ſtate of 4 
Solar Motion is alſo ſhewn. Tt was printed in 1277. Mr. vn LA LANDE, in the 


Memoirs for 1776, with his uſual felicity of thought, has inferred the probable 


motion of the ſyſtem from "the fun having a rotation” round his axis, when he 


ſays, p 513. « Une forte quelconque -imprimee à un corps, et capable de le 
66 faire tourner autour de ſon centre, ne peut manquer auſſi de deplacer le centre, 


« et Pon ne ſauroit concevoir Pun fans l'autre. Il par oit donc nnn | 


« que le foleil a un mouvement reel dans reſpace abfolu,” e. 


iverſs 47 derein the polfbility of a 
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Net Sour Bxperiments, upon the, Ochra friabilis nigto 


28 mite, 60 a, Cota, . Fofſ. p. 102.; and called by the 
Miners of Derbyſhire, Black Wadd. By Joſiah 1 


b Rechts 11 NvbOονα 110 


* el VIII IS Up 23 '@ 35. nic £11 1607 
Read March 13. 1585; z: 
wh” * to * Flip ad of ©: 


AH Yelrwordidany' circumſtance of this ſubſtance taking 
eN ere pon being flightly mixed with linſeed oil, firſt 
Eſtobered/dy"aceident in the year 1752, at Mr. zas8ano's, a 
painter in Derby, has rendered it a ſubje& of curiofity ; but; 
as it is not employed in conſiderable quantities, and very ad- 
Vantageouſly; as an oil colour in ſhip and houſe- Painting, it 
has à better eam to our attention; and it is hoped, nn 
towards the further inveſtigation of fo; curious and uſeful an 
earth may be acceptable to this illuſtrious Society. 


Which baffetted out in a hollow way near Winſter, in Derby- 
tire, and tried ſome experiments upon it; but as they were 
not very intereſting to me at that time, and my hands being 
full of other matters, I made no further uſe of it till December 
laſt, when à ſeries of expet Net f being made at the Preſident's 
*Frouſe upon its inflammable property when mixed with oil, at 
which Joan waALsn, Eſq. and ſeveral other gentlemen were 
pteſent, Mr. warts was kind enough to ſend me a ſpecimen 

ſtom thenice, and expreſs his defire that I would analyſe, and 
make ſome further experiments upon, this —— ſub- 


Nance. 
. 


Mr. 


023 It is many years ' ſince I firſt collected ſome of this Oe 


ow 


1. WEDOwWwOOD's —— upon Black W add. 2b; 


Mr. woopwaARDd, as well as Mr. Da COSTA, has deſcribed 
this earth ſo minutely, that it cannot eaſily be miſtaken ; but 
from the following experiments it will appear, that it ſhould 
not be claſſed amongſt the Oct es ot WP * cid A 
that it may, hg as F ſcat propriety, be called Manganifo as 


Ochre. ; 4 „tickt 79150 ren 


Exe. 1. Mixed with porcelain biſcuit body, it gives" datker a 

or lighter ſhades of black and brown, as the quantity is greater 
or leſs in proportion to the bod 

"EXP, 2. Mixed with linſeed oil, in the quantity of a few: 


penny=weights only, into a paſte, it dried very ſlowiy: 
out producing any [perceptible ſmoke or heat. — 
perhaps, was too 3 for n aud, s believe, it. Was: 
over- doſed with oils - who g india n 10 1flißd 
kxr. 3. When the ied was ual uſly l 1 A: 
ſlight red heat about. half an hour, the mixture of it with the : 
oil dried much ſooner and harder; a eircumſtancs which, af 
not already known, may render it ſtill more valuable to the 
painter. In other reſpects no difference could be obſeryed-· 

) EXP. 4. In the above low heat it ſuffers no. alteration of co- 
dour or texture. In a heat of 30% by my thermometer ber 


; meaſuring high degrees. of heat, it loſes its property of, 


| 
| 


hk — 


| ing the hands, diminiſhes. very confiderably i in bulk, acguires 
a little hardneſs, though i it ſtill proves friable between the fin- 


gers, and has its colour changed from a browniſh to a blueiſh 
t black. In a heat of 80” it | begins to melt; nl; 95" runs. 
into a black ſcorn, AF fe 

a Exr. 5. With black fun; in a bees of 90, is dhe aber 
| mentioned thermometer, it yielded a button of lead, amonnt- 
: ing, in one experiment, to 21.; and 1 in another to 22 gains 


from an. Ounce, or nearly 22 27 
: Exp. 
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beſtos, which ſuffer no change in a moderate red heat. In a 


quantity did not admit of aſcertainiag. Upon the Heſſian cru- 


ter · piece was bro -n. OX 


tom and ſides of the maſs became red like colcothar, the mid- 


ſome greeniſh. \ Theſe appearances' were at firſt attributed to a 


luble in acids, for that would have remained in the liquor after 


* by — n 2 F g 


wy, = 
Sc 4 * 


*. b r : 
r extrafls nothing from it. The mineral _ 
py . aMftance of heat, diſſolve about eleven parts out of 
twelve ß hut large quantity of acid is neceflary for this ſolu- 
tion. Ther refiduvin is greyiſh white, full of bright mica- 

s particles; with a few fine filaments like thoſe of © af« 


heat of 14%, which is 14* beyond the fuſion of caſt iron, it 
ran into a perfect glaſs; but whether this was a vitrification 
of the pure earth itſelf, or of a combination of it with the ar- 
gillaceous matter it was in contact with, the ſmallneſs of the 


cible it formed a black glaſs; ; what 1 to the chermome- 


EXP. 7. On boiling with oil of vitriol 1 to n the wk 


dle white, the intermediate parts yellow or reddiſh yellow, and 


vitriol of iron in different degrees of caleination; but, on ſepa - 
rating ſome of the purer white and red parts, the former were 


found to produce in vitrification the ſame colour as manganeſe 


does, the latter the ſame as colcothar ; the other 2 to be 
a mixture of the two. 


EP. 8. A ſolution of the r in nitrous * Was preci- 
Saeed inſtegd of common alkali, with Pruſſian lixivium, 


which has the property of throwing down from acids iron, 


manganeſe, and all metallic bodies, but no one of the earthy 
claſs. When the addition of this lixivium ceaſed to make any 
further precipitation, common alkali, added afterwards, had 
alſo no effect; a proof that this mineral contains no earth ſo- 


the 


— * e 29. | 
the precipitation of the other matters, bxther pH — 
and been precipitated by the alkali added! ate ast od div 
xxy. 9. On precipitating a like ſolution þy-gradualeadditions-: 
of alkali ne Urivium, and ſeparating the precijivaies aden 4 
{freſh addition of the alkali'occafionedany differendappeaſance- - 
from what the Preceding. had"doftie; — uy yang 
white; the next of a ruſty ved den like precipitate. of von; 
the laſt very white, while diffuſed through ring *mgoengh 
when ſettled, but in drying turned a little brown: The firſt, | 
which was in a very ſmall Nera as nearly as could be 
judged by weighing che filters, about a*twentieth part of the 
other two, was found to be lead; the ſecond wras iron and 
nangane! , nearly in equal quantities; — 
very nearly fo; from one another. [| off 987] 22 „ct. O 242.6 
It appears from theſe experiments, that 22 een 
_ contain nearly ——— chieflymioa - 
1 1 of lead, abvut 94 of iron, and the. fame quantity 
kee. | cl * 101 27775 e in vs: II h 415 1813! 
0.31505 179 IL 0 140 te N 21001 216 en £95 29% tt 
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— ans eee * 
les eireonſtunces me mirent, en 1773, à portẽę y exaploye 
bs bens nbceffüne et de me procurer — kt an wn 
benen a y-dont-indiſpenlables, |, 


4 


k L &. i 1561; 


: avant tout, commencer par pain . 
travaux qu? on avait t entrepris ſur ce ſujet. 


Parmi les anciens auteurs, RAYMOND LULLE, en avait dt 
quelque choſe, ſur le ton ee et A des reverie 
alchimiques. E v 
On trouve les eie inconnus d! un vieux Allerai 
ne TURNEISSER,, eitös par M. porT. 
Le grand BOERHAAVE lui-meme, avait dit ſur ces ſubſtance 
quelques mots qui ne ſont dignes de cet homme illuſtre, que 
relativement au tems od il Ecrivait. 
Deux Allemands plus moderties et très- peu connus dans et 
pays, appelles Meſſ. naver et sCHLossER, s'en ſont occupes 
depuis. Je me fuis procure la diſſertation du dernier, mais je 
n'aĩ pt) ſcavoir autre choſe, des travaux de M. Hauer, que ce 
qu' en ont rapport Mefl. vor r et MARGRAAF, 5 
4 | Ces 


—_ 


<0 


14 . 


3 
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"a. 
yas. 0 


— * 


By * hs _ esd ee he js 
es deux dernier enn, ont 'Jonne fur le ſel fuſble: ie pre- 
bier, une differtation afſez tongue et ſort obſcure, traduite par 
M. pe MACH: et le ſeeond un amore! qui eſt ee que nous 
avons de mieux ſur cette matiere, „et ge ND ανννπN dans ſes 
opufcules We ainſi que deut witres, vd flu eſt dit 
quelque choſe Len au n. 8 en ſk . 
ä 
La foule — qui neee, dans: un travail im- 
menſe, mais bien confus ; je fus, furtout, Etonné de * 
Pluſieurs faits faux, dans les ouvrages de ce ſarant, et j oſo- 
rais a peine Pavaticer, ſi je n Ktais à portbe de te — per | 
des obſervations trop ſimples pour que je puiſſe ttre-tans de les 
avoir mal faites; comme il eſt impoſſible de ſuſpecter les con- 
noiſfances de ces artiſtes cẽlbres; je crois qu'il wut mioux &'en 
tenir à regretter qu ils ayent ſuivi la methods, ue stalt ondt- 
naire aux chimiſtes Allemands de ce tems, trop infecter d'idees 
alchimiques, et qui eft non ſeulement'tres-erabrouillee: en 8 
néral, mais qu'its cherchent encore à rendre obſcure, c 
le dit très-bien la lettre ſuivante, Leur but paruit avoir. ete 
beaucoup plus de prouver qu'ils avalent des connoiſſances que de 
tendre A les communiquer. On trouve quelque clartẽ dans les 
faits, mals nuls détails dans la manière d'obtenir les reſultats; 
il faut ſoi- meme travailler, avec peine, pour y farvenir. Il eſt 
vrai qu'on les trouve alors cotrſtans pour la plus part. 
Fetais deja vent: a bout de me procurer du fel fuſible et * 
* acide phoſphotique, lorſque je regus la lettre _ fuit de M. 
ROVELLE, cëlébre chimiſte de Paris. 
Vous avez raiſon, Monſieur le Duc, de dire que: M. Ak- 
* 6RAAFF eft minutieux et qu'il ne 5 'explique prueres, ſur les 
% moyens de Preparer le fel fuſible; je crois qu'il en a fait un 
% myſtère, car il dit que fon fel fuſible, lorſqu'il eſt bien pre- 


Qqz , «6 pare, 


490 Sar, le bre n fore le Sel fufible A Unis hes et pur, 
 *-pate, denne par la. diſtillation a la cornue de Lalkali volatil, 
8. et que! V'acide- phoſphori que reſte dans la cornue, ſous |: 
forme & une matiere tranſparente comme un verre; de tous 
les chimiſtes qui ont parle du ſel fuſible dans leurs ecrits, je 
1 nen ſache aucum qui Fait prẽparè tel que M. MARORAAr le 
5 decrit; ſi vous I'obtenez,. vous Monſieur le Duc, conforme } 
"7 deſeription, | Je vous wot de m'en "_ une ou deur 
* onces 2D * 51100 
27 (Je: gde > ce N > wy que bY avais a Py a falle 
- tips &acide phoſphorique et d'alkali volatil ; que je nen 
5 "gs: point d'autres, que sil n'avait pas obtenu Pacide 
Phoſphorique tranſparent, c'etait faute d'avoir exactement ſuiyi 
Fans ethode indiquee par M. MARGRAAFF, dans ſes opuſcules, 
;Calbiadire de lui faire ſubir dans un creuzet un feu . 
pros Fixoir tire: 8 la coruue. 
Fenvohal en meme. tems 1 N. a0 KL LE, . Ss 
qu'il me demandait, et j'ai trouve dans la ſuite qu "1 en avait 
prepare, #a-peu-pres parcil, a celui que je lui avais envoye, mais 
que j ai reconnu "Epuis pour;Etre le ſel fuſible de premiere, cry 
ſtalliſation, qui eſt tres alter par le ſel marin, dont j je vais par- 
ler, et dont le caractère principal eſt de ne Pouvoir fournir le 
Phoſphore. Je fus toute · foĩs bien aiſe de voir Þ on ne 8 ẽtait 
1 35 point occupe'de cette matiere. 5 
Pour achever de connäitre les travaux qu'on avait pu entre- 
prendrei#'ce ſujet, je conſultai Meſſ. MacqueR et BAUM des. 
que je fag de retour 4 Paris. Ils me confirmerent dans I'opinion 
qu'il n'y avait point de procedes clairs et precis, pour obtenir le 
fel fuſible; M. Baan me dit ſeulement qu'il 8 en ẽtait pro- 
cure en faiſant cryſtalliſer de Purine épaiſſie; mais que lorſqu il 
avait voulu proceder à une ſeconde cryſtalliſation, tout avait ſem- 
ble: diſpartitre comme par enchantement ; je ſavois bien que cetait 
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cr un des principaux embarras de la preparation du ſel fufible ; ; mon 
| but eft donc aujourd hui, de donner avec le plus e de clarte poffible, Z 
les moyens de le preparer et de le conſerver preſque-enticrement, 
en lui faiſant ſubir les purifications neceſſaires. . Le Evaporation 
d une grande quantité d urine, etant le premier procede pour 
avoir du fel fuſible, j je n · e par conſulter les mẽmoires de 
M. MARGRAAFF, et ce qu' en dit M. MAcQuER tres en abrege 
dans ſon Dictionnaire de Chimie (edition de 1776). Le premier 
veut qu'on le fafle E Evaporer lentement dans des vaiſſeaux de terre 
bien verniſſes, juſqu'a la conſiſtance de ſirop; mais quoiqu' en 
general M. MACQuER ne parle que d'après M. MARGRAAFF, 
comme il me I'a dit lui-mEme, u a cependant ſoin q obſerver, 
Faprẽs les Evaporations d'urine, faites i ict, qu' il eſt. indifferent 
de la faire evaporer par une forte ou lente <hullition 3 je rappor- 
terai dans la ſuite du memoire des faits qui prouvent que le ſel 
fuſible ne change de caractere, qua un e de chaleus.beau- 
coup plus 1 _ 1 11 014 4l1ab zn: wt 

Si Ton ne pouvait pas craporer Furine « en k faiſant houlllir, il 
ſerait bien difficile Ten faire eG 20 muids comme 2 Lat 
fait alors. | MOAUP olli 
Le lieu que je choiſis pour ce ; trawl etait v un n_rempart, ccartẽ 


ans leſ- 


ou j'avais fait placer fix vicilles futailles couvertes, dat 
quelles un foldat invalide venait vuider tous les matins des ba- 

quets d'urine fournie par une garnifon | de deux bataillons ; 
Javais fait conſfruire auprès de ces futailles un fourneau pareil à 
celui que decrit M. HELLOT, dans les Memoires de I Academie, 
pour Pannee 1737. Le meme ſoldat qui apportait Yurine dans 
les futailles conduiſait Vevaporation pendant la journee, et m'en 

apportait le produit le ſoĩir a mon laboratoire; le chaudron qui 
fervait a Evaporer tenait environ cinquantes pintes, et on le 


remplifloit trois fois par jour; quand il ne reſtoit plus de la tota- 


a 


Be, or 


ug 6s TED 21 ? 
lies 0 Seltrait, on 16 ee 5 

une ev 0 8 15 ktolt perpendieutaire au cu 
123 7 A, 1 e ache ent Ia meme que celle ty 


ford Us OH ron.” Comme Turiue gonfle prodigieuſement, 
to tes les ct bis don la chaufe de riouveau, oy lorſqu'on ele 
h noubelle fiqueur 3 avec celle qui eſt deja chaude, je trouya 
5 ſimple, et Je craignois moins le gonflement, eu n "qjoutane 
qu e nA Une pinte 4 | chaque fois. * 
Ioiſque e Graporai P urine de cette manibre, 3 Je ne cone 
pas encôre Plage que M. BAUME fait des galeres; cette m6: 
thode eſt fans conttedit la meilleure, j je viens de m'en ſervi 


out” obvellement, pour faire Evaporer | trois muids de cette 


tou t 


liqueur, dans deux chaudrons de 150 pintes chacun, ſcelles fur 
un Pörztau de cette eſpece, conſtruit avec de mauvais platras 
en we mettant dans chacun de ces deux chaudrons qu uue 
cinquantaine de pirites d'urine A la fois, et ne les enfoncant dans 
le fourneau que juſqu au tiers de leur hauteur; de cette maniere, 
le gonflement n'eſt point à craindre, Ion eſt diſpenſe des atten- 
tions, et Ion conſomme beaucoup moins de bois, pour Evaporet 
la meme quantite d'urine. 

Le commencement de Yevaporation — je Tai deja di 
neſt point difficile : à conduire, et ne demande preſque 2 
autre ſoin que de veiller, au gonflement, ſoin dont l'on 
meme diſpenſe par le procede qui precede, mais la fin en de- 
mande beaucoup, et qui ſont meme indiſpenſables alors, ſi Ton 
veut obtenir le ſel fuſible 2 pur des fa premiere cryſtal- 
lifation. 
= urine eſt compoſee de parties falines BO RN et ſavo· 

neuſes, les dernieres ne ſont preſque d' aucune conſilleration dans 
la preparation du ſel fuſible, mais les premieres le ſont fi fort, 
que preſque tout Pembartas du procede ne vient que de la grande 


quantite 
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v2 ee aa ne pagaienent rragharen's , 3 
giautits.de ſel marin contenu dans Turipe, Braille dr 
facilerent, et Nh mele gves le fel fuſiblie. 1 24 Bb el 


Le moyen que ſai employẽ pour les ſpares, et qui ſe puts 
ſents natuellement à cayx qui cnnoiſſent: ly nature ge des ſels, 


eſt celui de. cryſtalliſer le ſal marin, par LEV3Pora ion, et le ſel 
ſaſible, pax le x2froidiflement, mais ce wagen eſt, ſujet A _ 
fieurs difficultss dans la pratique. r 
Non ſeulement Ja liqueur qui eſt I et Gropenſe, Gre 85 
vol, mais les filtres. ſeroient bientot bouchés et la eryſtallifa- 
tion qui ſe ferait obſtryerait tout, ft Von aber werles : 
precautions pour Sen garantir. 6 An 
Celles que j employe, ſont Tinterrompre Knee des 
qu'il commence à ſe precipiter du ſel marin au fond fe Ia li- 
queur, et de Ia faire paſſer alors par un tamis clair, en Vagitant | 
toujours, pendant qu'elle eſt encore, bien chaudę. Ce proctde 
| pare tout le ſel marin, qui S eſt cryſtalliſs par 1'tyaporation, et 

en dèbarraſſe le ſel fuſible 1 ſe eryſtalliſe aste par. ls. Mifroi- 
diflement. |, ee | 
Une ſeconde Sunnsien ot rent neces. yopr * 
degager la liqueur des petites portions de ſel main, aul re. ent 
avoir paſle par les interſtices du;tamis. | 1 
La maniere dont je ſepare ces petites portions & 00 marin, 
elt de filtrer Is Iqueur en la conſervant 1a plus. change Ah il eſt 
poſhble, et vici quel eſt le progdde que j mplere pour cet 
objet: je ſoutiens un tonneau à ęnvjton un pid de diſtance de 
terre, 2 I'sjde de quatre pieds de bois qui y fant ajuſi6s...de fond 5 
infericur eſt pereè d'un trou de fix ponces de diamétre, par le- 
quel je feis paſſer la pointe d'une Shauſſe de jpile, ſqutenue 
par en haut au moyen de guatre batons croiſes, qui repoſent ſur | 
les bords du tonneau, et le fond inffrixur oft double, en dedans, 


de tle, Pour P pouvoir mettre de la braiſe geſſus; ; enfin Yon 
xn 
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: cette mamnere. h cryſtalfifation” qui” etnbartlerort! le flere; 1a 
ab . al- of 

t oty 
pErition, et er ggg a la ee, % 


hſer ſays: nuire à P 
on 1a laiſſe achever de eryſtallzſerA vole. 0 115-1517 5 (av. 


les refidus ſont alors bea 


* - — 3 — 


le geſſus an; eee 1 

au de $i on * 1 1 255 75 2 Fra rect ff 
A en fa ile as 8 5 1 188 ths la e det 2 

* on oft; N mzitre du ache de chaleur i qui r Fink” 

rieur du ene pendabt Ia filtration ede previewed 


liquèuf qui paſſe dans h terrine, qui eſt froide;'7 


La principale c et la vraie obſetvatiom qui quoique ſemple. * 
7 > faite par aucun des auteurs qui ont parle de cette eryttalli. 
tion, gſt que ſ fi Ton“; a employs” urine!  fraichs, le réfdu oft 


va phus &pais « et plus ſiropeux. que fl Fon a: cohimenet 4 


laiſſer putrefier Yu Yu rine, quelques ſemaines avant Pevaporation,' 
160up plus Clairs, ſe filtrent mieux, a 
ſeparation; des ſels eſt plus exacte, et ils eryſtalliſent | 6 aiſemen 


qu' ils le ſont quelque ſoin entierement au bout de 24 heures, 
comme I's fort' bien remarquẽ ie ſeul M. schLosskR pendant 
que BOERHAAVE vouloit qu on laiffat Evaporer” ener 


annee entière le refidu de Purine e evaporbe. 1 g 5 
Ces auteurs, Au reſte, ont bien rapportẽ leurs ana 4. 
vers, mais n'ont point connu le principe d'ou ou precedoit la dif- 


| ference de leur avis: M. BAUM? eſt le premier, que je ſache, 


qui ait imprime, qu'on pouvait conduire une eryſtalliſation A 


ſon gre en Epaiſſiflint plus ou moins la hqueur, avec une liqueur | 


Epaifſe qui neut aucune action fur le ſel qui y Etoit contenu. 
Quand la liqueur tant tres froide, tout le ſel eſt cryſtalliſe 
contre les parois de la terrine, il faut prendre les precautions 


--þ uiwantes pour le retirer. On commence' par verſer à part la 


premiere moitie qui eſt la portion la plus claire, en ſuite après 
avoir 


b 
e 
. 


— dne cpotule tour bs 4 cen . ; 
— — ſur un | termis 2. crin -brdimn: ire + In. 


"Ow "paſs une ende, Wie deus de h meme 8 
premiere portion de la liqueur qui eſt la plus claire, qui ſe trou- 
vant ſaturee ne diffod a aucune — de ſel et la — encore 
Favantage. | 
Pendant que le ſel fable eſt encore humide de ces denn 1 
tions, et après Favoir reſſuyè fur du papier gris, je procede 4 
une troiſſeme ar en lever ba __ extractive par . il eſt 
encore ſali. z 

- Temployois ꝙ abord pour cet effet eau commune bien ande 
4 chaud de fel marin, et filtree apres ſon refroidiflement,, 1 mats: 
Jiu quitté cet uſage parceque Jai reconnu que cette eau, quoique 
bien faturce de ſel marin, pouvoit encore diffoudre une bone 
quantits de fel fuſible; cette raiſon m'a determine a ſubſtituer 
dans le mortier ou je mets mon ſel fuſible encore humide, de 
efprit de vin tres. rectifié à la diſſolution ſaline dont 3j je viens 
de parler: après avoir bien remuł avee une ſpatule, cet efprit 
de vin avec le ſel qui y eſt contenu, je verſe le tout fur un 
tamis, comme auparavant ; Feſprit de vin paſſe et fuffit. quoi-: | 
qu'en tres petite quantite pour enlever preſque toute la matiere 
colorante par laquelle le ſel eſt terni, il eſt neceflaire pour que 
cette operation rèuſſiſſe bien, d avoir d abord 6gruge le ſel fort” 
menu, parce que c'eſt entre les lames des cryſtaux que font 
contenues les faletes. — | 

Le ſel ayant ete Egouts fur le papier gris eſt un pen plus 
blanc que le ſel commun gris dans ſon erat ordinaire, et peut 
etre rendu alors parfaitement blanc par une ſeconde cryſtalliſa- 
tion, mais qui eſt ſujette a bien des difficultes dont les auteurs 
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une fois on: a fait-6yaporer le reſtant de la d 
en retirert· n quelques atomes, c elt. ee qui, eſt IQ fr N. 


qu yres de ſel; fuſible 


| 4 8 panty doſes; la raiſon de cette deperdition eſt Pour- 
tant fort extraordinaire, le {el fuſible tel que M. mam 
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get poins fait besen, ft ut baanele mms donpene 
5 x06 19H1sq ob 1e tit 95 & 211K 18˙ 1 Kemp 


-12MhoM ABDBAAFE Conſeille pour progeder & cette ſeconde, 
ſtalliſation du ſe] fuſible, de le diſſoudre tout fi g lags 


Peau ſchaude, de le laiſſet cry ſtalliſer, G exaporer en te Cerqui 


reſte de nliquenr,, on xetire encore ah fe gdgfel, für wy * 
ry RaYalation,; enfin 1 Youte, qu;en FEpFtant.,3, ou 4, pay 


procede, on obtient le ſel fuſible parfaitement blanc et pp, * 


deere gaiß ment W. ManNR A ABEC entend, pals, ce qui 
| $a-deccantaioy,C'glt que fi on xepetoit trois ou quatſe ois oe 


rocbd donn retireroit pas un atqme de. tel fuſihle 3 fl an 


em retite abec peine le tiets de la premiere quantitf. ft, quan 
Mohr op. 3, PRIN 


nau lorſqu ayant obtequ par une Tante se ern 
ler 2 Peine a N= hd age ge 5e 

des ang par! une ſec a 29 19 gulisvsb 315 wp , 292 NE a OJ 
Je nai pas trouve ce phenomene tout tA, fait auſſi outre au o⁰ 


gr ad il eſt tres certain qu'on retire A, grande peine le 


flous et meme beaucoup moins, ſi on veut le! pu- 


decxit;: et. tel que je Tai obtenu, eſt un compoſe mi: partie d'al- 
kali volatil et d'acide phoſphorique, et il ſeroit aſſez ſimple que 


Falkali volatil ne conſervat que la, plus foible adherence. avec 


racide phoſphorique qui eſt très ſixe; mais comment cet. acide 
phoſphorique fi fixe au feu eſt-il ſi facilement entrainé par Tal- 


kali volatil, qui lui eſt v uni fi foiblement e et 1 eſt q une nature 


fi differente? J Hao koo ge 


fait; difloudre ; A la. ſors. ſeulement une liyre ct demie ON, deux, WP 


5 a W 7 
4 We rapper der obwek de y eu de G EEHES expe: 
riences q _—_ al faites a ce ſujet, avant de paſſer aux moyets que 
Tae T tar” provuret- weite fans Petrte des derbſiers 
71 te de 1 05 h 8709012 hab „ldi Lat ub noiiglilIg gl 
x ; devoir commencer, bedacht deaf nettes fut 
1 fel kate; Par rapporter la decoinpolition nue pn di fiiite, 
Fut 'ﬆM Susres que la eg r we ee quiirdique M. 
MAHERRATF | pour cet objet. {1-21 4751199 0 589019 
1 Jai pris 4 onces de ſel fuſible puritis par Yeſprir de vin que 
Fai diſtille à ſec, dans une petite cornue de verre àu ban de 
fable, tbute 14 maſſe geſt fondue, a bovillons et il a paſſt dans 
k welpen v une once d'alkali volatil fluor: quand il welt plus 
fort ws RN es dts 14 cornue Pn e _—_ yore retire 


7a 5 Falk effiifer Te feu bs — Vidar ow e. dent Rum = 
bein Hdor tranſparent : Je les aĩ coultes alors ſur une 
plaque de fer poli, où elles ont pris F; apparence de 4a'plus belle 
topaze, qui eſt devenue en ſe IE auf blanche et auth 
tranſparente que le plus beau ſtras. You iq io 
© Fai ee curieux deprouver n at les a0 i 
ſel fuſible de premiere cryſtallifation par le meme procëdẽ, ceft 
{dire de celui qui contenoit neceflairement beaucoup plus de 
parties extractives et de ſel marin, et a quel point etoit+vrai' ce 
que diſait M. MARGRAAFF, du procede ee ee 
pour purifier ce fel par la violence du feu. ee 
Jn? pris en conſequence une livre de ſel Fuible;/eel quit foit 


de Purine & et implement e, 77 al retire par 1 cornue 8 
| Ss onces 


9 Pai rẽpẽtẽ une autre ſois cette experience et j'ai obſerve une circonſtance bien 
ſinguliere, dont je n'ai pù penetrer la cauſe, vers le milieu de la diſtillation, il 


$'*leva dans toute la cornue de petites parcelles brillantes qui voltigeoient fans ſe 
: R 2 fixer 


d Sur. eee rot Sieh Naw, cf pur 
lend Galli volatil fuer, rt al:m'eflivefie>pmiiceyer dtn 
choriegzbunopewmegcrouflatres: que la pronienes; >Pairmis i 
zſcuries odandfun nner, ct les aynnt fundiits, je de ait voukes 
de mèma cat plaque deer poi; au hout id an (quart ꝙ eum 
deifoſwnh ceHies ctotentieqaitparetites: dans la cicuſet: mms dl les 
;ontavprarie tber figbes fur da plaque de fer, qu tiles font devemic 
Hanohewett, opagques:cqmme de Frmail bann, et ont exhai 
hier forte otleur d acide marin. -Jeveulus voir ail ſeraiopoflibl 
its lesend qfat pdrmn feu violent, comme e dit Mo nA 
Go zemis: dans vn creuſet où je des laiflai Epronver pendant 
aum heurę une bonne fuſion, Vodevr d'acde matin cbutinm 
adi a> Kerhaler du ereuſet, mais lorſque je les boulzi a 
out de ce terns fur li flaque de far poli, ellbs y reſterent abſo 
_ cJumwent tranſparentes en ſe cefroubfiant; et conſerverent uns auſſi 
belle arp nenen que le premier acide phoſphorique: mais: il ieft 
bien * 2 avoir le meme digit te -purets: ct M. Mat- 

mand il dit que: le fel prẽ pars pan M. ar 

ette"facor m eſt M pbint le fal fuſihle tel qu il l decrit > 2911 
il y a pluſicurs. diſſereness frappantes 2 :le dei- 
ie aids iphofphorique du fe] fuſible impur, eſt bien [auſſi 

tranſparent que celui gui ſert de baſe au fol Sohiale purific loch 


ner et qui avoient Vapparence de particules de verre fouls; a S New fublimo it ute 
ofrtic a I ke Vote de la cbruue; mais en retombait arantage tur le regdu, et 
devniere partie comm fu d udre. ee qui me forca d interrumpre la 
diſtillation. Pour recueillit eętte ſublimation pngulie re; je detachai donc avec les 
Aalen dug Plume; * nn — * fel ſedatif . : 
et je les 1 55 A Part. 


4&4 24149 bf +. af 
Je n*ai trouve qu'y 


Purine de vache que M. Abbttit a dontges er EDS! dee dans le 8 de 
© Medetine de Niyembte 1773.1 1 parte un feb acide volatil qui fe ſublime en 
1 des Foun de berjoin, et t par conſequent comme eelui 


2 3 x qui 


n — pr nigh reared wt, * 
quiletd nouvolle mend fut mais n ns ap, — 
5 Juamete proxniptorent! ex;y devitmoopatyaz>ſon deo 
Alpi ſcenob ct: ahenote la. mrantite xacife rin 
r entierement fareompolitions ct 5, 
L abide phofphorique:du-fel: fuſihle pur du de fotondaceryſiak- 
hlationþ mmëdlatement mel avec de da poudre de charhum ou 
mute autre ſuhſtamce contenant du phlegiſtique, fouriuit du 
glidipbocez1 Fen ai retire par L intermede du zinc io et Vamde 
phoſphortique de fel fufible de, premiere cryſtalliſatim jou de celui 
gqubcontientdu: el marin n en fournit pas Par le meme proceds. 
1 odeur d nie marin qui ſe degage du ertuſet, pendant la 
au aden nn neus apprend ce qui ſe paſit durant cetir 
n. Lacie phoſphorique, s uniſſant & Falkali fixe mi- 
höre qu en ſel marin, forme avec Ju un nouvran 
fel! fufible, et dégage acide marin qui . devenu libre 
n en vertu de ſa volatili te. 
Le ſel / qui tſulte de la purification de M. HAUZT, æſt donc 
tres difftrent du ſel fuſible ammoniacal, crit: par M. UAA 
nAAFr, quis eſt le. ſeul· qui donne le phoſphore, puis qui il eſt 
cllemob tn ſel fuſihle à baſe d'alkali fixe, que l'on obtient, 
exaftement pareil, en e alkali d nn | 
nne purihe, . 
Lescide phoſphorique b Io > perfoiranipnt dh ſb tat, A 
mon retour du Havre, chez le chimiſte qui iapait. Gerit, et 
que je retrouvai opaque peu de tems après, doit donc etre na- 
turellement du {el fufible obtenu par la ſimple cryſtallifation' de 
by urine, et auquel on n'a point fait eprouver | la ſeconde mn 
lation, qui en fait effectivement toute la difficults, . 1 
A derniere experience ſur le ſel fuſible impur. que je viens: * 
rapporter; m'apprenait um fait fort ſingulier. L. ſel fufible-de 


leconde cryſtallization etoit, ainſi que le premier, cnmpoſe de 
particules 


388 Sur e v bi NN. derben. e 
SARA man Väter et Pele . 0: Un Ws 
Keuibmtent Ripper dhe beluf de Premiere Cryftallzgftibng unte 
VCC ot Gieore pte W 46 
püdilter mais le fel iden- 
Aale tete por retiret qua grande eins tditte du phid 
Ui ef Fullble"de'prenbier"eryſtallifation, forfu'0h youlait te pu- 
rer, Par une firupls' iſſordtien dans Fett chaude, et ne e. 4 
GAG Ctytfünfztioh, et pouvbir-il regericrer un ſel fufibte amo 
SHEA,” cdtmine bi mie Pavoit dit, en y gjoutant de Palkali volatil 
cöncret. ent is Texpérience, et apres avoir retire tout le fe 
Kufſtie gui voultt cryſtallifer, apres avoir difſout dans Teau 
botillante, et Fltr&du' fel Fuſible impur, j'ajovtai al Palkti volatil 
coneret * dans la diflolt ation qui reſtait ; eus une Vive” effer- 
veſcencs et je 'cottiprais' obtenir encore beaucoup de fel, mais à 
ma grande furpiſe, je n'eh obtins Pas beaucoup plus dee n'en 
| trois eli fans cette reflource ; Je 'reſolus alors de tn*6thircir par pe 
un procedẽ certain, du fort qu* Eprouvait Tacide Fön börse 
dat 
foudre quatre onces de ſel fufible de premiere cryſtalliſation dans 
Teau froide qui fut nëceſſaire pour le tenir en diſſolution, et 


ayant diſtribue cette liqueur dans 4 aſſiettes de verre, que j eus 


ſoin de couvfir de gaze, je laiſſai cryſtalliſer « et ſecher la totalite, 
puis ayant peſe je ne retrouvai qu'une once 6 gros 22 grains; 


tou pouvait'venit cette etrange diminution, de plus d'une once a 
la ſimple chaleur d'un cabinet od le thermometre de M. Dr 
REAUMUR n. a pas monté e plus haut yu dix degres au defſus de 
glace?. E: ond FI 


7 \. J. 


1 * ce "Pp a une os fogularith. c «ſt q que 6 "We erapore la diſſolution de ſon acide 


phoſphorique ſepare de nouveau de ſon alkali volatil cet acide phoſphorique du ſel | 


regtners, 1 pendant que celui du ſel fuſible ordinaire reſte en gelẽe. 
| og TINT? -: | | Ce 


etänt fixe Wiest, eg 6 ſe 


18 cette ſeconde eryſtalliſation. Je fis en ' conſeguetice dif- 


— 


e tos @ e awe 


who —— value aue. we. 305 
5 Bait, he. ae MARS Ja cf. tag dg peſts, genf 
erer bps es, lors, 4 toit nazurel ge, la chaleur de ligaw 
inen ene beaucoup, F, que rate diflplytin 
bee if c pendig ia pus 5 grendę partie du, ſelfylble; | 
" pte ;ERFAre; un moyen que J imaginal qui, Hoi pur 
cher une teconde aryſtallidation, fans. perte.3. ce fuß f afrver 
ds faire Ja difſolution et Ia cryſtallifgtion, dans des vaifleays clog., 
„ mig pow cet effet g onces de fel, fulible jmpur dans, up en; 
wpneir gafvi de papier gris, ſoute nu par des pailles, gt. je porta 
lentonnoir ſur. un bocal,, que je mis ſur une plaqqe de verre, 
puis.j6 gowvris.Je. tout, avec, un recipient, owyers, par en hat, 
| 998.5 hytai.3.la meme plaque, avec de la eite alle, Et par le 
non.dugupl.je,verſaienſuics fur le fe Fuible de Tay men hau 
barg Hpuchai. enſuite promptement le trow. du recipients et 
E we 99 de prevenir par ca mayen toute, depexdition mais 
bv 1. Kut, gu, une tres legere diffolution, de ee 5:48 
devait arriver dans des v vaiſſeaux bien clos. 1118110 53b920%K 1 10 | 
Je m Avila, enfin d un autre expedient dont la , reuſſite, fi 
parfaite, que je puis par ſon moyen retirer 4 liyres qe. {1 FAY : 
parfaitement blanc et pur, de cing livres, de {el fufiblg, de rer 
miere cryſtalliſatjon ;, voici le proceds.,. pil 41190 S0di1ftih zan 
Je fais chauffer dans un petit matras, A. lang col, le. ſel fur 
ble, gris, lave. ;K Veſprit, de vin, que. Je. veux faire difloydre 
juſqu'a_ce- que. la ſurface commence, a. fariner, je verſe alors 
deflus, la moitic de ſon poids, d'eau diſtillèe, bien bouillapte, 
que j'ai fait chauffer dans une fiole 2 médecine, je la fais bquil- 
lir encore un moment dans le matras, avec le ſel foſihle, 
juſqu'à ce que je m 'appercoive qu'il eſt entierement diffout ; Je 
le verſe enſuite promptement dans un 'entonnoir, garni de Pa- 
pier Bris, et poſe ſur une fiole a medecine, h diflolution, 1 n Etant 


faite qu” avec une quantite d' eau Egale a la moitiè du poids du 
ſel, 


9a, 0 bs wait fur le chap & y 2 


1 it celle de — ng hte 04: ding * 


pour remuer I acide, qubiqu' il fut pur, ou aurait immanquable- 
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e — en eet ẽtat ſur Vinterieur 2 — 
te deux effets; la panſe ronde de la fiole 5 appliquant Seo 


ROD les parois' de Pentonnoit, par le moyen du papier 


gtis etaptche Vevaporation, et la chaleur de la maſſe, entre · 


et il artive, ſeule 
du ſel fufible er 


rf aux ee "up ron a dam . le: tems de * * 


f 6 ! 


7 Ce el fulible- N par ce proved, damen Mees a . 


quelle je le ſoumets pour connottre ſon degré de purete, qui eſt 
den mettre quelques grains dans une verre et de verſer deſſus 


des ane d' huile de vitrial bien blanche et bien concentree; 
Fil ne Sen degage pas d'odeur d' acide marin, C eſt une preuve 


qu'il eſt bien ſeparẽ de tout ſel de cette nature; mais il faut bien 


wy prendre garde à n employer que Tacide le plus blanc et des pe- 


tits batons de verre, ou Femail pour Fagiter, car ſi Fon employait 
de Facide un peu phlogiſtiquè, ou des pailles au lieu de verre 


ment une odeur d'acide ſulfureux, qu'il eſt tres aiſe de confondre 
elq en: fait les experiences em petit; avec celle de Facide marin. 


: * 
* 


© 
5 — 1 
| as 


1 40 degres tl peu 1 pour Wee 14 * — 
le ig de Ia liqueur, je laiſſe le tout refroidir tres lentement, | 
er & alors, que les quatre ciuquiemes ehviron 
ſtalliſent. Le peu de liqueur, qui reſts fur les 
cryſtaux retient la petite quantite de fel marin, qui a pu echap- 


la 


tu 


un N F Cz Þ 
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XX. Experiments for þ aſeer lining the Point of Mercurial. Cou- 
(gelation, *. Mr. Thornas- eue, Gove non of Alben 
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HE fllaying: experimenits,.. to p e thei faraing- 
point of quickſilver, x were made by the direction of the, 8 
Royal Society, * Albany. Bon in Hudſon's Bayz ſituated in the, 
latitude of 52514 4 North 3d 42 WR lengirpde from Greens 
wien. La rammed 10 10: A. a oi 2 
1 4 he; inſtruments uſed in thee experiments Were 13 
mometers, exdept the apparatus F and G, turgihed , 5 0 
cavxxD ZR, and of theſe a more ſatis factory Ades will be. 
formed from the annexed drawing than could be, conxe yed by; 
words alone L have, therefore, only ſpecified; a Fig pr l 
lars, ſo char ach. | anlirument, may be lUngouhes 9 ff 
mother. [S000 1101 Q eig bag gase * 11 oY 
1. have corapared PA ARE LY cock other. far Tal 
weeks in the various temperatures, to adjuſt, vithr the grester; 
preciſion, the relative degrees on the ſcales; which was the 
more treceſſaty a8 they di 4d very much. 
The five firſt experiments were made exactly according to the 
directions ſent to me by the Society, in order to obtain the point 
of congelation. The two ſucceeding ones ar- alſo made in the 
manner they directed, to endeavour to aſcertain the greateſt de- 


gree of contraction mercury is capable of; then follow two 


f This paper having been for ſome time miflaid, could not be printed in its 
turn. This acconnts for the double paging and ſignatures. 2 
Vol. LX XIII, oc = experiments 


air without tie 250 bf Wy Rtifietat cold? iel ill be found 


era PG cf congelation to be at 40* belew! thet cyp Her. 
hays:been careful. to mark down, every A Aren phrepdog 


them, to,glcigdate Any; Hf 


who | tayoured me. with ſome remarks | MR e Dal 


the. hongyn, of communicating to . yal Society, 
means, SE SAMUEL ,WEGE,, elq. who 155 e 
the news af 
of {ſentiment and great, go ch, m. 
encourage even the moſt feeble attempt than can in the! lat 


O31!1 * a ier if; 6, 5 
|S 11 de Hud 2107 


w . _ 


fogh Mr. e Barris ws d ſantlaining 
experiments made in a different manner by my own ſug. | 
geſtion ; and, laſtly, an account of mercury frozen in the open 


to corroborate the preceding experiments, and determine the 


the fxpefiments, and have, added 4 f ew, obſer yations t 95 8 
mmon e oe pred. 
be agreeable to the 0 1 5 


e. te'the, — ellent in 


bs hing to 7 915 0 


wle e 
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2 f he 10 Experiments, ſhowld 
ces muſt be attrib a 
Fey, tranſittedto me, which left me 

fallow; them; Jet. 4 cannot avoid Nan 


nf 


gonious: Dr; Bu ACK, Profeſſor of a 


˖ 
this 


0 wv 
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u, 2706, w (freeze, qulckflrert and fiſt oY 


= 


— hod of; aſcertaining the point of Fonget Ns 


* Seele 


the Society * only be eq Ack 37874 ral 


Ineſs. of —_ which makes 


tend. to the. improvement of knowledge. WIL 
THOMAS 3 HUT CHINS. 
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pt od Ui Dr. BLACK(s Letter: festes {0 Gut, \.vo mi 110 
1 ee bus zT n⁰ν,⁰ 1 S 33610down)d of 


2 1 ve 4 rd with gredt p elle thi Expettticns de d 
Bots s Bay, upon the ch hit of mercury, Antf bbferd 


that the ai be has ſücceeded perfectly in ee ler but 
could oY determine with preciſion what degree of cold was 


neceſſiry to produce i it. This, however, * not ſurprize' me, 
as 1 have always thought it evident, from Profefibr niaun's 
experimeſits, that this degree of cold cannot be diſcovered 
conveniently by congealing the mercury of the thermonietet 
ſelf,” T ſhall not here give my reaſons for this opinion; they 
would lengthen out this letter too much; I ſhall only propoſe 
what 6 appears t to me the proper manner of making the experi- 
ment, which is as follows : provide a few wide and ſhort tubes 

of thin glaſs, ſealed at one end and open at the other; the 
wideneſs of theſe tubes may be from half to three-quarters of 
an inch, and the length of them about three inches. Put aw 
inch oran inch and an half depth of mercury into one of thefe 
tubes, and plunging the bulb of the thermometer into the mer- 
cury, ſet the tube with the mercury and the thermometer in it into 
a freezing mixture, which ſhould be made for this purpoſe in a 
common tumbler or water-glaſs; and, N. B. in making a 
freezing mixture with ſnow and ſpirit of nitre, the quantity of 
the acid ſhould never be ſo great as to diſſolve the whole of the 
ſnow, but only enough to reduce it to the conſiſtence of Pa- 
nada. When the mercury in the wide tube is thus ſet in the 
freezing mixture, it (the mercury) muſt be ſtirred gently and 
58 (2 frequently 


i 


- - 2 983 xy, — 
* 1 * 
_ — » CEE; 
r v* a 


* an hs ay : b 
rn x 2 4 — * 9 5 IS 
* -» 2 5 
2 — " J E \ 


<Z Fd. 4 > _ 4 
* FIT =". - . 

. «© md * * 
TS A pos. 


bo ſufficiently long an d che) 3 coming thick 
and broaſy like an amalgam." As ſoon as this is obſerved, the 
— #henmonigtes ſhould be examined without RPE Ae of by 
\congealing;mergury z and. I have no doubt, that in 
ciment, thus made, with the fame mercury, the.inſt ment will 


always point to the ſame degree, Pray vided i 1 has, Bonn, mad; 
and raduated with. cue 1 3 
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the "top, graduated 628 degrees below! the cypllerg and 
4 de, at every ferond-" deglee. Makers NIN NE d 
BLOUNT: ; the ſcale box wood. SH e ee SOROS AS 


—W :; 


FEY RI 4 } 3d! 117.95 fannt 9-1 


B. Another Adern therchomelet graduated to 526 Yalow 


the cypher, each line ler ey 2% made by NAIRNE. 


and BLOUNT ; the ſcale box wood. 


C. Is a fine mercurial thermometer, with an air-bulb at the 
top graduated. 2300 below the cypher, each diviſion con- 


taining 555 the folle made of b waged by THROUGHTON.. . 


D. A ſmall ſpirit Waere on a box ſcale, wie by 
 THROUGHTON,, and divided to every fingle degree down 


to 160® below the cypher. 


E. Anpther [LEA thermometer, by the ſame maker (THROUGH- 


TON) graduated 90? below the cypher ; the ſeale box. 


F. A ſmall mercurial thermometer, on an ivory ale divided 
at every 5 between 220 above and 2 50 below the 


cypher; made by NAIKNE and BLOUN T. 


* 


G. Another mercurial thermometer, every way . the laſt 


mentioned, except only reaching from 215 above to 250? 
below the cypher ; by NAIRNE and BLOUNT. 


H. A ſpirit thermometer, made by NAIRNE and BLOUNT, 


with which I have made meteorological obſervations from: 


the year 1774. 
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Finding the thermometer on "Thurſday evening, the 14th of 
December, was 180 below the cypher, I concluded the morning 
would afford me an opportunity to make an attempt to fix the 
point at which quickſilver begins to freeze; I theréfdre put A 
bottle of ſpirit. nitri fortis upon the top of the houſe i in open air, 
that it might be of the ſame temperature when it was to be 


Vol. LXXIII. „ 1 uſed. 


Wn Mr. nurn Bier Pento for EER 
uſed. The n bad n hupgfup before, three weeks, 
in the open alt, th" compare their ſcales. At 7 o'clock in the 
morning of the 1 r5th, t "the thermometer: were about 13 below 
nought ; therefore made —— for the experiments 
: getting the quickſilver out into the air, providing glaſs tumbler, 
for mixing the nitrous acid with the ſnow, Kc. II put as much 
quiekſlver into a glaſs cylinder as (when the thermometer (F) 
was introduced) juſt filled the bulbous part. of the cylinder ; ; the 
cale of the thermometer did not reach the length of the tube 
- about three inches ; and the bare part of the tube was ; wound 
round with red worſted i in two places, to a thickneſs ſufficient | 
© fill the upper part of the orifice of the cylinder in ordet 
o exclude the external air: now, as the quickfilver only 
filled the bulb, there was a ſpace of near half an inch leſt 
empty between the quickſilver and the neareſt | piece of worfted, 
ſo that, by inclining the apparatus, the quickſilver readily ran 
out of the bulb into the other part of the cylinder. This was 
done with an intention to diſcover the more eaſily when the 
quickfilver ceaſed to be fluid ; for, by taking the inſtrument. out 
of the freezing mixture, and elevating the lower end, the 
quickfilver, 1f not frozen, would run into the void fpace. 
The experiment was made in the open air, on the top of the 
Fort, with only a few deer-ſkins ſewed together, placed to 
windward for a ſhelter: there was plenty of ſnow (eighteen 
inches deep) upon the works, and the thermometers were cloſe 
at hand. In thruſting the thermometer (F) i into the quickſil- 
ver, the infirument role. to the cypher, but ſoon began to de- 
1 1 trend again; but being unwilling to loſe time, I ſtuck the 
it apparatus into the ſnow, the ſooner to bring it to the tempe- 
rature of the air. ; 
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be table will fully explain the proceſs. I Wag in hopes, by 
ſhifting, che inſtruments: into. three frech mixtures, . ſhould 
have been able. to haye produced a greater degree of cold than 
by one only; ves it did not. ord. ane more. ſpirit of pitre, but 
without effect. At 10 b. 3' 35!” I took out the apparatus, and 
raiſed the 3 to make the quickſilver run, but found ĩt 
was frozen, ſo that it did not alter its figure in the n I then 
placed it in the mixture, where it contined till 10 h. 11% when 
made another trial as before, but without perceiving any alte 
nation; however, to be more certain of its being frozen, I prox 
poſed to take out the thermometer; 5: but all che ſtrength in my 
fingers could not move it in the leaſt, fo, that myſelf and offi- 
cers, who ſtood by, were convinced it 8 \Ithen 
made another mixtuxe in hopes to augment the the cold, and make 
the incloſed thermometer (F) deſcend; - however, ſeeing no alter 
| ration, I went into che houſe to warm m myſelf, and on my 
return found it had fallen 3. l tried the.coldneſs of theitpix- 
ture by different ſpirit thermometers, and afterwards ſhiftgg ch 
inſtruments into the mixture from whence I had taken them; 
but this diminiſhed the cold by the thermometer, ſo that I 
re-placed them apain in the third mixture, and the quickſilver i in 
the thermometer. deſcended again to its former point 448% 1 
continued obſerving it ſome minutes, when the cold obliged 
me a ſecond time to retire, and on my return found both the 
thermometer and apparatus riſing: on dipping a ſpirit ther 
mometer into the mixture, I found it had a conſiderable degree 
of coldneſs, and both the apparatus and mercurial thermometers 
were nearly equal, I then took them out, and the quickſilver 
in the cylinder was as fluid as when it was firſt poured in. 

I ſhould have obſerved, that during the time I was pouring 
in the ſpirit of nitre at the beginning of the operation, I was 
* 2 fo 


1 Mr. no rent“ Bupe: 
10 engaged i in mixing it with the ſnow, 'that I did not | fee 
the thermometer in the apparatus ſmk to 40˙, which muſt 
85 have been very ſudden, becauſe I was but one minute before 
1 'obferved it. I could obſerve no alteration in the quickſilver 
in the cylinder when it was frozen, and intending to make more 
experiments, wes unwilling at this time to break the glaſs. 
kl 2 he time was taken by a good watch which ſhews feconds, 
and (which however 1 apprehend can be of little conſequenee) 
about 5 10 too faſt by apparent time. 1 had two affiſtants; 
dne to repeat audibly every ſecond, and the other to an 
down the time and the obſervations as faſt as I made them. 
The obſervations were taken down with a peneil, but wi 
Fair with ink into my tiote book : they were compared the fame 
day the experiment had been made, to avoid miſtakes; and 
theſe remarks were written at the ſame time, whilſt the remem- 
: lads of them was yet ſtrong on the mie. 
The thermometers uſed © on n this occaſion were © thoſe marked 
: A an F. 
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This „ was made wich the a Aude: as the 
preceding, and the quickfilver which was left yeſterday in. the 
cylinder | was the ſame now. employed. I was rather _unfortu- 
nate in making too ſmall a quantity of the freezing mixture at 
the beginning, which obliged me to make repeated additions to 
it: by this means the operation was not only retarded, but 
ſometimes it even undid what had been done; for in pouring in 
the nitrous acid it was unavoidable but part of it ſhould come in 
contact with the bulbs of the inſtruments before it was mixed 
with ſnow. In this caſe it never failed making the thermome- 
ters riſe ſuddenly much higher than where they ſtood before 
the ſpirit was added; and at length it only deſcended to 2069, 
which is not half fo low as on the preceding day, though the 
temperature of the air was ten degrees colder (viz. 34*): yet it 
is remarkable, that though the thermometer was ſo much 
higher, the apparatus was ſunk more than twice as low as the 
day before; for after having been long ſtationary at 4057, it funk 
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meter had been very low (how low I cannot tell), and was 
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way during ree quarters C an hour I at 
wards. Düring this idle in tefval I m made the third experiment, 
Finding ng. alteration, I went down to breakfaſt, andon tny x 
turn was ſurpriſed to ſind the quickſilver ij in the apparatus ther. 
mometer had ſubſided into the bulb, and the ſtandard thermo 


riſing briſkly. The ſpirit thermometer alſo ſhewed the r 
ture had a leſs degree of cold than before. T4 be certait char th 
F ax in che bulb, 1 
took the apparatus out of the mixture, ＋ exarnined it 
nutely for half a minute, till 1 was quite 6 ung. of it; 
alſo that the quickſilver in the cylinder was bed 
remarkable, it did not liquify in all that time. 
The obſervations were made with the greateſt are 
* my particular N mowed down as: nick 
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| This fingular experiment, ne it did not nſy wer the in 
tention for which it was principally defi igned, yet afforded 
many ſtriking phænomena which I ſhall mention i in the courſe | 
of theſe remarks. After a cold night, the quickfilver in the ther. b 
mometer was at 445 below o at ſeven o clock i in the morning: 
thinking this great degree of cold was the moſt favoyrable op- 
portunity of obſerving | how. low it Was poſlible to make the 
— deſcend in the tube of the thermometers, I reſolved 
to embrace it, and at the ſame time to obſerve the concutrent 
eres with a ſpirit thermometet; : but as thaſe' ſe at out t 
me in 1781 D and E) differed ſo much f from the ther * 
of quickſilver, I reſolved to make uſe of :anoth: thermo: 
meter made by NAIRNE and BLOUNT, and owhich-v was 1 7 
niſhed me by the Royal Society in 1774. With this in rus 
ment, which I call the ſtandard, and marked with the — 
H, 1 have made obſervations eight years, and found it agree 
very well with others made of quickfilver; and the 1 re rea- 
ly to diſcover the variation of (D). 1 employed it alſo in the 


— 


lame experiment; but before I began the following obſervations 
1 were 
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Leos It 15 e that acer the Werler, whit. w was in 
"the linder affixed to (F) and (G), nor the other quickfilver 
" which T conſtantly. Kept i in the ſame place, . ſome in a' faticer, 

"for f in a gallipot, and ſome in a Phial, -ſhewed- the leaſt ap» 

(pearatiee of congelation. ' Being engaged 1 in preparing for the 

5 Ludin experiment, F did not remark either the great deſcent or 

"aſcent of the quickfilver in (C), which muſt have deen * 
 Tudlden, as my remarks are only five minutes aſunder. 
_ i na y be. neceſſary to mention, that the thermometer (H) 

8. ES on a ſcale the whole length (as-uſual for meteoto- 

"logical obſervations), and (C) was armed with elaſtic. gum from 
| "the e bulb: to about half or thre qparters: of an. inch above t ſhe 

© furkace' of the freezing 1 mixture. 

The ſmall deſcent of the quickfilver i in (C), aud "R little eie 

1 produced by moving it into a ſecond mixture, made me at firſt 
_ apprehend't the inſtrument was damaged; I did not, however, 
5 take it out, but took another thermometer (A), and put it al ſo in 


the mixture but I find it was ftationary at a higher degree than 
8 1 therefore exchanged (A) for the mercurial thermometer 


, which to my great ſurprize was ſtationary at 860, nor could 


it be got lower until the cold of the mixture diminiſhing it fell 
a 


| waſte an Meri —— "I 
gt once 9 434%, and a few minyyes gere 
Imagiaing, that a a neyr mixture would now brin 


EIT] 


wade apgther,, but ! in the mean time the inſtrum 15 0 55 
Poo and after ftaniding 1 in the freſh mitture 0 | 5 
and (B) to 4 385. 1 ſhould have mentioned, that ih ſemi mix- - 
= were double! in quantity to thoſe uſeU i in the former experi- 
ments; ifſtead of Blaſs 1 tomblers; they were made in Pins 
baſons. TS £$ 3 JET EK ©» e * "03.1 N 
L obſerved alfo, that the mixtures ſeemed to grow „eee 
thay common; for 1 always made them of the conſiſtente of 
pap- IL added ſuqw at times, to thicken it, but found it had 
ßery little effect, but rather decreaſed the cold. It! is with great 
diffidence offer 1 it as. my opinion, that the temperature of the 
0 air was too cold, and that the quickſilver bein 8 nearly i in a ſtate 
of congelation before plunged into the mixture, Was inſtantly 
frozen on putting the inſtruments | into them; and as the quick- 
ſilver in the tubes muſt have been of the ſame temperature 
with e in the bulbs of the thermometers before the experi- 
ment, ſhould i imagine, that when the quickfilver i in the, . bulb. 
was frozen ſolid, it communicated an addition of cold to that 3 in 
the tube, and froze it alſo, which prevented its ſubſding as 
uſual ; for in other caſes, the contraction of the quickſilver, 
when ſolid in the bulb, was the cauſe of the quickſilver ſub- 
ding i in the tube; ; but then the latter Was fluid, for the cir- 
cumambient air was warmer than the degree at which « quickſl- 
ver freezes, and the increaſed cold was applied only to 550 bulb. 
The obſervations made before the experiment began, as related I 
in the beginning of theſe remarks, ſhew the quickfilver i in the 
"thermometer Was e copgealing,. and. that (4). and N were | 
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N hee FF k As: math . n 
8 1 I} e. ee Baperments for aer 
0 Mben f ame d the ahermometer (A) out of the, mixture at 
Sh. Thungg it up in the air, and have noted down, in a: {6 
K the right hand fide of the page, its appearanceg 
ing to the times put down on the other fide.of che 
pages: It is temarkable, that () and (C) have each an am bubble 
hlrvn at tho. top: but the thermometer. (g) had none. 2 77 
* 10 Whilſt che inſtruments were ſtationary in the foregoing ext 
Perimeng, I. put. the apparatus (F) and (O) ſeverally into tbe 
mixture with the others the conſequence vas, that in two, mia 
antes the quickſilyer in the cylinder was frozen ſolid 3 but ug 
thert Was a difference in the effect L ſhall, be more particular, 
Raich. 48“, put in apparatus (F), when it ſtogd in the air at 405 
_ ora? bela 03 and at 9h. 50 took ĩt out frozen folid;and the 
indlaſed-thetmoreter, pointing {till at 49% or 417%) I then * 
it up in che · open air, and looked at ĩt only now and then. At 
_ #0ha475 (after, being expoſed to the ait near an hour), I found 


only a ſmall quantityt of che ſurface of the quickſilver was fluid, 
the reſt was a frozen globe reſembling a ball of poliſhed filver; ; 


the thermometer incloſed was ſtill at 400. At 11 h. 4 J ob- 
derved a ſegment of a globe of ſolid quickſilver ; in the inſide was 
a concavity made, I ſuppoſed, by the bulb of the thermometer. 
The thermometer was ſtill at 40*, which undoubtedly i is the 
freezing point of quickſilver, as in this inſtance part of 1 it was 
frozen, and part ſolid. I withdrew the thermometer, poured 
out the fluid quickſilver, and returned the thermometer into the 
cylinder, ſhortly after which it was at 377, and the frozen feg- 
ment was then fluid, E 

The apparatus (G) was as hanging 3 in the open air at 40˙, and 
put into the ſame freezing mixture at gh. 51', on which it 
funk inſtantly to 210?, at which degree it was r at 
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3, Nhe f dds We Sötertde el A cond At 
— 051 [fait had ſubfded int th bib mean che huickfrer 
in thie incloſed thermometer) which was the laſt time I partis 
eblärly Haticed it. It may be neceſfary to mention that find: 
ig the quiekſilver in the encloſed thermometer fink -inftan- | 
taneouſly* as ſoon as the apparatus | was put into the ſteezing 
mixture, 1 took it out immediately, to view it, and replaced it 
ta? few ſeconds of time. 1 found the quickſilver was- hot 
| yet ſolid, but was in frozen pieces of irregular ſhapes, reſem · 
bling ice that had been broken to pieces by ooncuſſion im a pail 
of water, but with this remarkable difference; that as ice ſwims - 
on the water, the frozen quickſilver ſubſided in fluid quickfilver; 
and the "ſegment of ice, mentioned a little before: to be found 
in the thermometer (F) was alſo at the bottom of the cylinder, 
and remained there after decanting the liquid quiekfilver from 
| it. Hence we may conclude, that cold inereaſes the grauity 
of quickfilver, as indeed muſt be the caſe, ſince mY —_— It. 
os ar leſs en in a x folid chan in a Aud ee ac 
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Remarks on the ſeven expprimant. 4er 0 8 
Fa 1 eth experiment ] was _ ced to think, that 4 
bearer the temperature of the atmoſphere approached to the 
freezing point of quickfilver, ſo that a great degree of cold 
Fight be communicated to the bulb of a thermometer and 
id. world de the pro- 
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; ; pereſt hve a it nth manner 9 1 


uichfflver will coptraft bythe application. of cold. W ich this | 
view this ſenenth gxperiment was. made: the; ſeveral thermg- 
meters, Hum A. ter H wore as follows, hafqre I began, A 39, 
8360 38. D 3% K 244, F 33, G32 Higz. Thoſe uſed 


in the experiment were C, D and H. The; feſt was to ſhew 
the deſcent of the quicklilver ; -and the two laſt, which were 


ſpirit therinemeters, ' were — to uote X05, . 


Q actions of the tw. J 1ckt 111 _ ow | 
above an hour's 5 — on chem, 


common f in — 77 — but after N a gon 


derable time, without its deſcending again, 1 recolleQed Profefidr 


BRAUN. mentioning, that his ther rmometers were always broken 
when below 600% This made m me examine mine, and 1 found t 
bulb was broken and fallen off; and on N ſearch in th 
mixture, I could not find either quick ae) the Pieces '0 of 
glaſs; I therefore conclude it had dropp & into the other 
mixture, which unluckily I had thro away the moment be- 
fore, having occaſion to uſe the baſon in decahting be preſent 
mixture: I have no doubt but it broke at the time the quith- 
ſilver fell ſo rapidly. During the courſe of this experiment I 
put the apparatus 87 into the freezing mixture; ; ma minute 8 
time the quickſilver in the incloſed thermometer had ſ ubſided 
into the bulb, and remained fo during the tune it continued 
"immerſed in the freezing mixture, Which was about three 
quarters of an hour; but though the thermometer, which 
made pa ol the e apparatus, ſhewed ſo great a degree of cold, 
er B b b 2 yet 
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Thermometer (A) flipped into the gallipot con 
{ taining the quickfilver, hy accident; replaced it. 
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This aghch experiment was 3 win z view 1 o ry, * | 
ther quickſilver would freeze whilſt in contact with the freezi ing. 

mixture. For this purpoſe I did not uſe the apparatus em- 
ployed in the other examples, but ' ſubſtituted another, by 
8 8 galliper. made of flint ſtone (as being thinner than 
the ſort) of about an ounce: meaſure, and filled it 
half Fall of quickſilver, into which I inſerted the mereurial 
thermometer (B) and employed the other mercurial hermome-- 
ter (A) as an index, as before. I hoped by this means to ere 
mine exactly when the quickhilyer : was congealed, as. I had free 
ceſs to it at all times, which was not the caſt when incloſed 
n the cylindrical glaſs, the worſted wound round the tube, of 
the ivory thermometer to exclude the air, equally excluding . 
inſtrument from being introduced to touch the quickſiver. 
made a kind of ſkewer, with a flat blunt point, of dried ; F 
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wood for lightneſs, x which ound would remain in the pela. 
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-  tinous freezing 


mixture. at any Ar 1 hole; ut when in. 
ſerted into the queküer contained i in the pallipot, the great 
0 iſproportion. of grayity made it rehound 1 upwart 5 and by th 
ouch I could eaſily perceive, by the rehiſtance it. met with, 
vhether it Pröcecdes from quicklilyer n 4 flu id © or - congeatal 
ate. The event did not anſwer my wi wy for L could not 
| and that the quickfilver 1 was frozen 1 in the leaſſ during tf the trial. 
indeed the temperature of the air was not not favourable, being 
under 20* below the cypher. The large quaitir of too of te | 
quickſilver i in the gallipot, as well as the thi neſs of that 
veſſel, might both of them contribute to render the operation 
unſucceſsful ; yet, as the apparatus thermometer ſhewed the 
fame degree (— 49) as when quickſilver froze i in the glaſs cy- 
kuder, Lam of opinion it would congeal by this ſimple me- 
thod in very cold weather, and a Jong TONES application of 
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40 "Whilſt 1 was artendig e on the preceding experiment (the 
5th) and had removed the inſtruments into a ſecond” mixture, 
the former one by this means being unemployed, I put 3 
it a gallipot (che ſame 1 uſed i in the eighth experiment) wi 
an three quarters of a pound of quickſilver, and let it r- 
main immerſed i in the mixture a conſiderable time ( ſuppoſe 
near Half an hour), and finding, by touching with a quill, 
that part of i it was congealed, E drew the gallipot out, it being 
previouſly flung with a ſtring, and decanted off the ſupet- 
meumbent mixture and fluid quickfilver; tlie remainder, about 
ro o chirds 'of the whole quantity, remained folid in the galli- 


pot; 
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the internal furtthe e eyery * What ve 91 ry rough and 
Ss, ſhining like an old ſilver ſpoon long ut uſe 15 | having 
loſt its poliſh. Part of it became fluid in a few miputes; 
and imagining it afforded a fine opport nity of. confirming 
what had before appeared to be the freezing point of quick- 
flver, I put a mercurial thermometer (F) which then ſtood 
347, into the part of the quickfilver in the gallipot, which 
Was juſt thawed, and it ſubſided directiy to - 40“, and be- 
came ſtationary. I repeated the fame with another inftru- 
ment, and the conſequence was the fame. 1 then tried 
the ſpirit thermometer (D) which became ſtationary at 285. 
and another ſpirit thermometer E) Which I took out of | 
the freezing mixture, where it was at 35% and it-rqſe to 30%; 
and by comparing the ſpirit thermometers with mercurial ones, 
md alſo with another ſpirit thermometer (E) it appears, that 
29* on the former is about equal to 40 on the ſcale of both the 
latter. By the time theſe obſervations were taken, the frozen | 
lump was looſened in the gallipot : In turned it out, and beat it 
with an hammer; it yielded a dead found ind flattened, but its 
cohefion was very weak; for, inſteadof expanding intoathin plate, 
3 in other inſtances when frozen in the bulb of a thermometer, 
it crumbled to pieces, and had not that poliſh, which I had 
before conftantly obſerved. I attributed theſe circumſtances to 
the effect of the ſpirit of nitre on tlie quickſilver. thawed 
very ſoon after. its parts were e digjoined by. the ſtroke of the 
lammer. peg 5 . Sh] 
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is curious p 


IS, Fa eee = th put 
into a common two-ounce phial, and gorked, . "The hel was 


FIfis [f 3d © 


about. a thif part full, and had been conſtantly ſtanding by the 


; thermomefer for a month paſt. At eight 0 clock this morning 
1  obſervediit \ was frozen rather more than a quarter c of an inch 
thick round the Hides and bottom of the phial, the middle part, 


po} 3 * 


continuing fluid. As Lag was a certain method to find the 
point of congelation, ! | introduced. the, mercurial. thermometer 


3 i 


F) and the br ſpirit thermometer (D), into the fluid part, after. 


o N 


breaking off 0 top of the phial, and they x roſe direciy and 


became ſtationary; the former at 40 or 494, the latter at 


2952 „both below the eypher. Having taken theſe out, I put in 


tro others, (6) and E); the former became ſtationary at 405 , 


the latter at 304: 1 then decanted the fluid quickſilver, to exa- 
mine the internal ſurface of the frozen quickſilver, which 


proyed very uneven, with many radii going acroſs ; ſome of 
theſe reſembled pins with heads. Urgent buſineſs called me 


away an hour. On my return 1 found a ſmall portion only 


and with a hammer repeatedly ſtruck the quickſilver. It beat 
out flat, yielded a deadiſh ſound, and became fluid in leſs than 
a minute afterwards. I ſhould have mentioned, that I brought 
the thermometer (F) into a room, where it rofe to 55* above 
the cypher, and then let it cool again in the open air, before I 
put it into the frozen quickſilver. My reaſon was, for fear the 
quickfilver in the thermometer ſhould be frozen ſo as to render 

"a the 


J 
7 


had liquified | in my abſence. I then broke the phial entirely, 


ata «@ 


che obſervation uncertain; but 1 did not 80 it 23 


my thing of eonſequence from (G) which: was not taken in, 
but put directly into the phial! By the comparative obſerva- 


tions of the: ſeverak thermometers it appears, that 309. on the 
ſcale of the-ſpirit thermometers (D) and (E) is. about equal to 
lot Ale bn mn 1 V ſtandard, ſpirit. thermometer (iD; The fol- 
lowing ws wy Nate of, the dare chat len 
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Tt may be Fes remarking, that the  quickſrer in the ther⸗ 
mometer (8 which had been very near 500*, and was then at 
444”, very readily run up and down the tube by elevatin r 
ether end of the inſtrument. : 
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it ſteady inthe cylinder, and prevent the actelv'of. air; 
Fig. 2. The cylinder, ſwel led at bottom, to hold the quick- 
Wer to be frozen. „ ne Me 901 3s 4k 
„Fig. S A ſecdon of the. whole. apparatus be put to ge- 
ther, ſhewing in-what manner th 
| retained } in the cylinder. This ſection i iS pe 
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HE deli ign ber the "ROY paper is to explain ſome par- 
ticulars in the apparatus ſent by me to Mr. uurchrxs, 


in his experiments; ; and Point out the W to be drawn 
from them. 


of cold at which quickſilver freezes: it conſi ſted of a ſmall 
mercurial thermometer, the bulb of which reached about 21 


tirely ſurrounded with it. If this cylinder i is immerſed in a 


thermometer is the preciſe point at which mercury freezes ; for 


for ſome time with quickſilver, part of which is actually frozen, 
it ſeems impoſſible, that the thermometer ſhould be ſenſibly 
above that point; and while any of the quickſilver in the cy- 
linder remains fluid, it is impoſſible that it ſhould fink ſenſibly 
Vor. EXXIl. | below 


the intention of which does not readily appear; and alſo to 
endeavour to ſhew the cauſe of ſome phenomena which occurred 


This apparatus was intended to determine the preciſe degree 


inches” below the ſeale, and was incloſed in a glaſs cylinder 
ſwelled at bottom into a ball, which, when uſed, was filled 
with quickſilver, ſo that the bulb of the thermometer was in- 


freezing mixture till great part of the qu ickſilver in it is frozen, 
it is evident, that the degree ſhewn at that time by the incloſed 


as in this caſe the ball of the thermometer muſt be ſurrounded a 
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15 304 ö 32 ewf 1222 * 
below it. The ball of the thermometer was kept conſtantly ; in 
the middle of the ſwelled part of the cylinder, without danger 
of ever touching t the. ſlides, by means of ſome worſted wound 


round I the tube. This worſted alſo ſerved to grevent the acceſs 
of the att tothe quickhilver i in the cylinder, which, if not pre- 


1 


vented, would have made it more difficult to have communi- 
cated a ſufficient degree of cold. The diameter of the bulb of 
the thermometer was rather leſs than one-fourth of an inch, 
that of the ſwelled part of the cyli nder was two-thirds, ſo that 
there was no where a much leſs thickneſs of quickſilver be- 
tween the ball and cylinder than one-ſixth of an inch. The 
bulb of the wat was s purpoſely lar as 4 as it 


larger than Lect iS —_ would have cauſed” more | aeg 
in freezing the quickſilver i in it. Tw o of theſe inftruments 
were ſent for fear of accidents. 
One of the moſt, ſtriking circumſtances | in the experiments 
which have been made for freezing mercury, is the exceſſively 
low degree to which the thermometers ſunk, and which, if i it | 
| had proceeded, as was commonly ſuppoſed. from the freezing 
mixture having actually produced ſuch a degree of cold, would 
have been really aſtoniſhing. The experiments, however, made 
at Peterſburg afforded the utmoſt reaſon to ſuppoſe, and Mr. 
* HUTCHINS's laſt experiments have put beyond A poſſibility of 
doubt, that quickfilyer contracts in the act of freezing, or in 
other words, that it takes up leſs room in a ſolid than in a fluid 
ſtate; and that the very low degree to which the thermome- 
ters ſunk Was owing to this contraction, and not to the inten- 
fity of the cold produced: for example, in one of Mr. 


HUTCHINS's experiments a mercurial thermometer, placed in 


* on Me reh, 155 05 


Time, 


* 


| yas ts not. leſs than 40 by the, ation, 


freezing. WY FP un 'oaxe ', 
If a glaſs of water, 2 E ting! in it, is | 
the cold, the thermometer will re remain. perfectly ſtationary from 
the time the water begins to freeze till it is intirely congealed, 
and will then begin to fink again. In like manner, if a ther- 
mometer 15 dipped into melted: tin or lead, it will remain per- 


metal begins to harden round the edges of the pot till it is all 
become ſolid, when | it will again begin to deſcend; and there 
was no reaſon to doubt Fhat 10 ſame thing would obtain in 
quickſilver. 099t ER +) {Ti 


it was intirely congealed. This ſtationary. height of the ther- 


der to make the experiment convincing, it was neceſſary to y 


under was frozen as to put the fact out of doubt. 


E 


| apprebended that conſiderable. dificn 


flver was froren; fer, in tlie firſt place, there would be no 


- 


. 


| t : 
10 freezing mlngore; ſunk to N. N nothing, Þ n t * 12 
cold of the mixture was 4 more | aan. — 45 10 that . Ws 


fly ſtationary, as I know by experience, from the time the 


From what * juſt FIT it was da: ns if this * 
apparatus Was put into a freezing mixture of a ſufficient cold- | 


neſs, the thermometer would immediately ſink till the quick- 
liver in the cylinder began to freeze, and would then continue 


ſationary,, ſuppoſiug the mixture ſtill to keep cold enough, till 
mometer is the point at which mercury freezes, though i in or- 
continue the proceſs till ſo much of the quickfilver in the cy- 
If the experiment had been tried wal. no further pecan 


from: want of knowing, whether the cold of the mixture ik 8 
ſufficiently great, and when a fufficient quantity of the quick- 


Judging when a ſufficient quantity was frozen without taking 
out the apparatus now and then to examine it, which could not 
| > & Wa be 
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be done without a lofs of cold; and what is fall worſe, if be- 
4 fore the experiment” was completed the cold of the mixture 


operator would have no way of detecting it, but by finding 


freſh portions of quickſilver in its ball, but would ceaſe to do 


- 
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was fo much abated as to become leſs than that of congealing 
mercury, the frozen quickfilver would begin to melt, and he 


that great part of his labour was undone. For this reaſon two 
other mercurial thermometers were ſent called A and B by M,. 
HUTCHINS, the ſcales of which wete of wood, for which 
reaſon 1 ſhall call them, for ſhortneſs, the wooden thermo- 


i meters, as 1 ſhall call the two others the i ivory ones, their ſcales 
| being of that material; ; they 


low nothing, and their balls were nearly equal i in diameter to 


were 


graduated to about 600° be. 


the ſwelled part of the cylinders, 1 in order that the quickfilver 
in both ſhould cool equally faſt ; and it was recommended to 


Mr. HUTCHINS to put one of theſe into the freezing mixture 
f along with the apparatus: for then, if the cold of the mixture 
was ſufficient, both thermometers would fink faſt till - the 
7 quickfilver i in the cylinder began to freeze, when the ivory 
thermometer would become ſtationary, but the wooden one 


would ſtill continue to ſink, on account of the c contraction of 


the quickfi ler in its ball by freezing; but if this laſt thermo- 


ter, after having continued to link. for ſome time after the 


ivory one had become ſtationary, ceaſed at laſt to deſcend, it 
would ſhew, that the mixture was no longer cold enough to 
freeze mercury; for as long as that was the caſe, the wooden 


thermometer would continue to deſcend by the freezing of 


ſo as ſoon as the cold was at all leſs than that. As I was afraid, 
however, that the quickſilver might poſſibly freeze and ſtick 


tight 1 in the tube of this thermometer, and prevent its ſinking, 


which would make the cold of the mixture appear too ſmall 
: when 


. — 5 

when in reality 1 it was not, one of theſe thermometers inſtead 
of having a vacuum above the quickſilver as uſual, was made 
with a bulb at top filled with air, in order that the preſſure 
might ſerve to force down the quickſilver. 5 
If the degree of cold at which mercury freezes had been 
known, a ſpirit thermometer would have anſwered better; but 
that was the point to be determined. 
Another advantage which 1 expected from the wooden ther- 
mometer was, that it would afford a gueſs when a ſufficient 
| quantity of the quickfilver i in the cylinder was frozen; for if 
the cold was continued long enough to make that thermometer 
ſink to near 400 below nothing, I ſuppoſed, a very viſible 
portion of the quickfilver would be frozen. 

It muſt be obſerved, however, that in Mr. nurehixs's ex- 
periments the natural cold approached ſo near to the point of 
mercurial congelation, and i in conſequence the freezing mixture 
retained i its cold ſo long as to make theſe precautions of not t ſo 
much uſe as they would otherwiſe have been. Hat 
As it appeared, from Mr. nurchixs's table of compariſon, 
khat theſe thermometers did not agree well together, they were 
all examined after they came back, except the ivory thermo · 
meter F, which: was broke before it arrived. This loſs, how- 
ever, is of little conſequence, as it appeared from the above · 
mentioned table, that F and G agreed well together. The 
boiling and freezing points were firſt examined in the preſence 
of Sir josxpH BANKS, Dr. BLAGDEN, Mr. HUTCHINS, Mr. 
NAIRNE, and myſelf, when the diviſions on the ſcale anfwering 
thereto were found to be as follows: : 
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The batting point x was "ed in. the, manner fene e in t 
the report of the Committee of the Royal Society, printed in f 
the Philoſophical Tranſactions for the year 1777, and allowance 


f ty } 


made, as there directed, for the height « of the barometer at that 
time. In fixing the freezing point alſo allowance was 8 dade 9 
the temperature of the room in which it was tried. 5 : 
The great difference in the poſition of the boiling f point on 
theſe thermometers ſeems owing only to care not having been 
taken to keep the quickfilver 1 in the tube, of the ſame heat as 
that in the ball, which is a circumſtance that was very little 
attended to when they were made; and I am afraid is not, ſo 
much obſerved at preſent as it ought to be, and which in A 
and B, whoſe tubes contained upwards of goo? of quickſilver, 
cauſed an exceſſively great error, and much more than it did in 
G, which contained fewer degrees 1 in its tube. 'I 
In order to ſee whether the inequalities of the bore of the 
tube were properly allowed for, a column of quickſilver, about 
10 long, was ſeparated from the reſt; and it was examined, 
whether its length comprehended the ſame number of degrees 


on the ſcale in different parts of the tube; when no ſenſible 


error could be found in this reſpect in G, and none worth 16. 
garding in B. The thermometer A, by reaſon of its being 
conſtructed with a bulb filled with air at top, could not be exa- 


mined 1 in this manner; but there is no reaſon to think, that it 
was Hulty | in this reſpe&t. 


From 


Me, A wetter $ nnn _ 30 
;ffom what' has been faid it appears, that 18 35, 3 on the ſcale. 
of G are equal to only 180* on a thermometer adjuſted as re- 
commended by the Committee, and therefore 72 are equal to 
70; ſo that the point of — 40 anſwers u to —38˙ 3. 
that is, the cold ſhewn by this thermometer at the tempera- 
ture of about - 40? is 1 too great. In like manner it ap- 
pears, that the cold ſhewn at that * by B is 4*;, and 
by A 6 too great. £ 3 
On the whole, theſe vt, Gin to have been. care- : 
fully made, their diſagreement being owing only to a faulty 
manner of adjuſting the boiling point, and to not allowing for 
the temper of the air in ſettling the degree of freezing ;- and as 
theſe points were examined after they came back, the experi- 
ments made with them are juſt as much to be ny on as 
if they had been truly ad) uſted at firſt. 467% 5 
Theſe an were made in the year 4206. 55 were 
intended to have been ſent to Mr. nuremx s that year, through 
the hands of the * Dr. MAT x. who promiſed to recommend 
the W e to him; but, by not being got ready time 
enough to be' ſent that year, and a miſtaken ſuppoſition that 
Mr. Ho rehrxs was to come back the next ſummer, they were 
prevented from being ſent till 1781; When Sir JosEYR x 
was in formed by Mr. WEG, that there was 3 gentleman at 
Hudſon's Bay who was willing to undertake any exper iments 
of that kind; and that the Hudſon's Bay Company would be 
a the expence of any inſtruments neceflary for the purpoſe. 
Then, as Sir josePH thought the abovementioned apparatus 
well adapted to the purpoſe, I gladly embraced the opportunity 
of lending it. It appears, however, from the letter Mſerted 


by Mr. HUT CHINS, that Dr. BL Ack, without being aequainted 
with 


with what Thad de 


3's u elm Ohe don 
ne, recommended nearly the'f * method 

of determining the degree of cold at which mercury freezes, 
Beſides the abovementioned inſtruments, there were ſent to 
Mr. nurchixs two ſpirit thermometers and a thermometer 
marked C, made at the expence of the Hudſon's Bay Com- 
pany. The two ſpirit thermometers were made at the recom- 
mendation, and under the inſpection of Dr. BLAGDEN, and 
were of great uſe, as they ſerve to aſcertain ſeveral circum- 
ſtances relating to the experiments, which could not otherwiſe 
have been determined. The intention of the thermometer C 
* be mentioned in the courſe of this paper. £* ken] 
Before I enter into the examination. of Mr. HUTCHINS $ ex- 
' periments, it will be proper to take notice of a phenomenon 
which occurs in the freezing of water, and is now found to 
| take place in that of quickfilver, and which occaſioned 1 5 
remarkable appearances in theſe experiments. 4 
It is well known, that if a veſſel of water, jy a thermo- 
meter in it, is expoſed to the cold, the thermometer will fink 
| ſeveral degrees below the freezing point, eſpecially if the water 
is covered up ſo as to be defended from the wind, and care 5 
taken not to agitate it; and then, on dropping in a bit of ice, 
or on mere agitation, ſpiculæ of ice ſhoot ſuddenly through the 


water, and the incloſed thermometer riſes quickly to the frees 
ing point where | it remains ſtationary v. 


"os 


* Though I here ſay con formably to the common opinion, that mere agitation 
may ſet the water a freezing, yet ſome experiments, lately made by Dr. BLAG* 
DEN, ſeem to ſhew, that it has not much, if any, effect of that kind, otherwiſe 
than by bringing the water in contact with ſome ſubſtance colder than itſelf. 
Though 1 in general alſo the ice ſhoots rapidly, and the incloſed thermometer rife 
very quick ; yet I once obſerved it to riſe very flowly, as, to the beſt of m 
remembrance, it took up not leſs than half a minute before it roſe to the freezing 


et f 
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This ſhews, that water is capable of being cooled conſidera- 
ly below the freezing point, without auy congelation taking 
place; and that, as ſoon as by any means a ſmall part of it is 
made to freeze, the ice ſpreads rapidly through the remainder 
of the water. The cauſe of the riſe of the thermometer, 
when the water begins to freeze, is the circumſtance now pretty. 
well known to philoſophers, that all, or almoſt all, bodies by 
changing from a fluid to a folid ſtate, or from the tate of an 
elaſtic to that of an unelaſtic fluid, generate heat; and that 
cold is produced by the contrary proceſs. This explains all the 
circumſtances of the phenomenon perfectly well; for as ſoon 
| as any part of the water freezes, heat will be generated thereby 
in conſequence of the abovernentioned law, ſo that the new 
| formed ice and remaining water will be warmed, and muſt con- 
tinue to receive heat by the freezing df freſn portions of water, 
till it is heated exactly to the freezing point, unleſs the water 
could become quite ſolid before a ſufficient quantity of heat was. 
generated to raiſe it to that point, which is not the caſe; and it 
| evident, that it cannot be heated above the freezing point, 
for as ſoon as it comes thereto, no more water will freeze, and 
conſequently no more heat will be generated. 
Ihe reaſon why the ice ſpreads all over the water, inſtead of 
forming a ſolid lump in one part, is, that as ſoon as any ſmall 
portion of ice is formed, the water in contact with it will be ſo 
much warmed as to be prevented from freezing ; but the wa- 
ter at a little diſtance from it will ſtill be below the freezing 
point, and will conſequently begin to freeze. 


point ; but in this experient the water was cooled not more than one or two degrees 
below freezing; and it ſhould ſeem, that the more the water is cooled below that 
point, the more rapidly the ice ſhoots, and the incloſed thermometer riſes. | 
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| ing. whenever à veſſel of water, expoſed to the cold, was ar. 


as ſoon às ell the water in the veſſel was cooled to that Point, 
the leaft addition of cold would convert the whole into ice; 
Whereas it is well known, that though the whole-veſſcl of was 
ter is cooled to, or even below, the freezing point, there id 
long interval of time between its beginning to freeze and being 
my Aer} m_ all e time 1 does not un 


4. 


5 ice Which 1 is the cauſe of the: long time required to thaw ice or. 


ring it about till all was melted, that the water was as much 
tity of water, rather more than 1 50 colder than the fnow ;- of; 


rated by the chawing of ſnow; and there is great reaſon to 
think, that juſt as much heat is produced by the freezing of 
water. The cold generated n ne the Lane mn 
uſe dee or now ®. 1 lib 21 


0 by — mixtures; for no cold is prdduced by _—_— _ 
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1 it was not for this generation of heat by the act of ki. 


rived it the freezing point. and began to freeze, the whole would 
inſtantly be turned into ſolid ice; for as the ne formed ice is not 
ſenſibiy eoldet than water beginning to free, it follows, that 


In nie mesnef, * the vel Lade 3 FER . * 


I is this alſb which is the cauſe of the cold produced 


with any fobſtatite, unlefs part of the ſnow is diſſolved. 
1 formerly found, by ae ding ſnow to warm water, and ie 


cooled às it would have been by the addition of the ſame quan- 


in other words, {ſomewhat more than 1 50 of cold are gene 
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I am informed, that Dr, 3LAcxk explains the abovementioned phenomena in 
the ſame manner ; only, inſtead of uſing the expreſſion, heat is generated or pro- 
duced, he ſays, latent heat is evolved or ſet free; j but as this expreſſion relates t0 


an hypotheſis depending on the pants, that the heat of bodies 1 is owing to 
their 
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tl they became folid 3; the thermometer remained perfectly 
Aationary from the tire the metal began to harden round the 
Aides of the pot till it was intirely ſolid: but 1 could. not per- 
ceive it to fink at all below that point, and riſe up to it when 
the metal began to harden. It is not unlikely, however, that 
the great difference of heat between the air and melted metal 
tight prevent this effect from taking place; ſo that though I 
did not perceive it in thoſe expriments, it is not unlikely that 
"thoſe metals, as well as water and quickfilver, may bear being 

cooled a little below: the freezing or hardening point (for the 
hardening: of melted metals and freezing of water ſeems g 
the ſame proceſs) without beginning to loſe their fluidity. _ 
Mr. noremiNs's five firſt experiments were made TY the 
4 apparatus, and in the manner above deſcribed. In the firſt ex- 
periment the 4 ivory thermometer, incloſed in the cylinder, 
ſunk to 407, where it remained ſtationary for about half an 
8 hour, though the wooden thermometer, placed 4 Al the ſame 
= mixture, kept ſinking almoſt all the while. At the end of that 
time the apparatus was taken out of the mixture to be examined, 
and the - quickfilver in the cylinder was found frozen. It ſeems 
: , evident, therefore, that the true point at which. mercury freezes | 
is 40 below: nothing on the chermometer F, which was that 
made uſe of in the experiment. It cannot be lower than. that, 


Wenn hs of A cubſtince called the 1 * as I 
F think Sir 154ac x EWwron's opinion, that heat conſiſts in the internal motion of 
the particles of bodies, much the moſt probable, I choſe to uſe the expreſſion, heat 
is generated, Mr, wILKE alſo, in- the Tranſactions of the Stockholm Academy 


of Sciences, explains the phenomena i in the ſame way, and makes uſe of an hypo- 
theſis nearly ſimilar to that of Dr. 81.a4cx. Dr. BLACK, as I haye been informed, 
makes the cold produced by the thawing of * 140”; Mr « WILKE, 130” BE 
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e if it was; — * 
ſtationary at that point, while ſurrounded with freezing quick- 
mer and it cannot be higher, as the thermometer could not 
-fink below the freezing point, while much of the —— 
i which i it was ſurrounded, remained unfrozen- : 
To thoſe who have attended to the former part of this paper 
PE is needleſs ſaying, that the reaſon why the wooden thermo- 
meter continued finking fo long after the ivory thermometer 
became ſtationary is, that as the former was placed in the freez- 
ing mixture, the quickſilver in its ball froze, and therefore it 
continued deſcending during the greateſt part of that half hour, 
buy the continual freezing of freſh. portions of quickſilver in its 
ball, and the contraction occaſioned thereby; whereas the latter, 
which was placed only in freezing quickfilver, did not freeze. 
here is a circumſtance, however, in this experiment, the 
_ - reaſon of which does not ſo readily appear; namely, on put- 
ting back the apparatus into the freezing mixture, after it was 
taken out to be examined, the thermometer funk to —42'; but 
n about four or five minutes returned back to — 40%. The like | 
2 happened on removing the apparatus into a freſh freezing mix- | 
ttrnre, and it then remained about ten minutes before it returned 
to - 405. It ſeems probable from this, that the quickfilver in 
the cylinder became intirely frozen about the time that it was 
firſt taken out to be examined, and that it then grew 2 colder 
than the freezing point; and that this degree of cold was not 
fufficient to make the quiekſilver in the incloſed thermometer 
freeze, ſince mercury, as was before faid, will bear being 
cooled a little below its freezing point without freezing, What 
confirms this explanation is, that the ſpirit thermometers ſhew 
that the cold of the mixture was actually much the fame i as 
that ſhewn by the ivory thermometer, 
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Mr. mer onns's Epen. 
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* the brine, experiment, tried with the ſame apparatus, 


| theivory thermometer quickly, ſunk to —43 - but, in about half 
2 minute, roſe to 40⁰, where i it remained ſtationary for up- 
wards of 17. It appears, therefore, that in this experiment 
the quickſilver was cooled 3 below the freezing point, with- 
out loſing its fluidity ; it then began to freeze, and the incloſed 
thermometer immediately roſe to — 40: ſo that this experi- 
ment, beſides confirming the former, ſhews, that quickh Iver 
is capable of being cooled a little below the freezing point with- 
| out freezing ; and that it ſuddenly riſes up to it as ſoon as it be- 
| gins to loſe its fluidity, 
In this experiment the cold was carried far enough to freeze 
the quickfilver i in the ivory thermometer, which was not the 
caſein the former : for after it had remained 17“ ſtationary 
at — 40, it began to fink again, and in about a minute y 
to - 441; it then ſunk inſtantaneouſly to — 92 „ and ſoon 
after remained fixed for an hour and a quarter at 95*; being 
then left without examination for three-quarters of an hour, 
the mercury was found to have ſunk into the ball, the ſpirit 
thermometer ſhewing at that time that the mixture was rather 
above the point of freezing, whereas before it had been below 
Ki: appears, therefore, that the quickfilver i in the thermo · 
meter, after having deſcended to — 44 1, froze in the tube, 
and ſtuck there; but, being by ſome means looſened, ſunk in- 
ſtantly to — 92*, and again ſtuck tight at —g5?, till at laſt the 
mixture riſing above the freezing point, the quickfilver in the- 
tube melted, and funk into the ball, to ſupply the vacuum 
formed there by the frozen quickſilver. A fimilar accident of 
the quickſilver freezing 1 in the tube of the thermometer, and 
ſticking there, and then melting and ſinking into the ball as 
the weather grew warmer, has been found by Dr. BLAGDEN to 
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In this experiment the apparatus was ndt taken. out _% 
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; etamined tilk the ivory thermometer had Tau & to 3 it's 
then found to be frozen ſolid. ES 


The third experiment Was tried while the former was carry- | 
ing on, and was made by putting the other apparatus, namely, 
that with the thermometers G and B, into the firſt mixtute 
made for the former experimfhr,” and which may conſequently 
be ſuppoſed to have loſt great part of its cold. The ivory ther- 
mometer quickly ſunk to - 43*, Where it remained ſtationary 
for near 12“ The apparatus being then taken out to be exz- 
mined, the quickſi vet in the cylinder was found fluid, bit 
thick and in grains, like crumbs of bread. The apparatus was 
then put back! into the mixture; and, on obſerving the ther- 
mometer, it was "and to have riſen to - 40% where it r- 
mained ſtationary about 40'; being then examined, the quick 
filver was found ſolid. : 

It appears, therefore, that the cold of the mixture was fit 
feient to cool the quickſfilver ; in the cylinder about 35 below the 
point of freezing, but did not make it freeze till, on taking 


out the apparatus, the agitation ſuddenly ſet it a freezing, and 


produced the appearance deſcribed by Mr. nurehixs. This 


immediately made the incloſeq thermometer rife; To that when 


it was re placed i in the mixture and obſerved, it ſtood exactly 


at the freezing point. It appeared, by the ſpirit thermometer, 


* 


that the cold of the mixture, at the time the apparatus was fir 
taken out to be examined, was only 2 below the point of 


freezing, which agrees very well with this explanation. 
| 7 _ 


his experimetit,- eee eee, 
4 point of mercurial congelation is — 40 on theſe thermos. | 
meters 3 and that quickſilver wall bear n a * be- 
low that point without freezmg. A 

As in theſe, two experiments the duichflver. in * "i 


nder and 1 wory. thermometer bore being cooled a few de- 
grres below the freezing point without freezing, it is na- 


tural to conclude, that the ſame fluid in the wooden ther- 
mometer ſhould do ſo too; and it may, perhaps, be ſup- 
poſed that, in conſequence of it, this thermometer, after hay- 
ing ſunk a little below the point of freezing, ought ſuddenly. 
to have riſen up to it, which was not obſerved. But there is 
great reaſon to think, that though the quĩckſilver in it did bear. 
cooling in this manner, it would not have occafioned any ſuch 
appearance: for ſuppoſe that it is cooled below the freezing 
point, and then ſuddenly freezes, its bulk will be increaſed, on 
account of the heat generated thereby; but then it will be di- 
minithed on account of the contraction in freezing; ſo that, 
unleſs the expanſion by the heat generated exceeds the contrac- 
tion by freezing it will cauſe no riſe in the thermometer. I do 
not, indeed, know how much the heat generated by freezing: 
in quickſilver is, but in water it is about 1 50, and the con- 
traction by freezing is at leaſt as much as its expanſion by 4003 
ſo that, unleſs the heat generated by freezing is two or three 
| times as great in quickſilver as in water, the' thermometer 
ought not to rife on this account. TY inde + 

In the fourth, fifth, fixth, and 18 ä a new 
phenomenon occurred, namely, the ivory thermometer ſunk. a 
great deal below the freezing point without ever becomin g ſta- 
tionary at — 40%. In the fifth experiment, tried with the ap- 
paratus 6G, it quickly ſunk to - 42, and then, without re- 
maining ſtationary at any point, ſunk in half a minute to 
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5 found fluid; but being. 2 8 2 after having been re- 


moved 1 into a freſh. mixture, it was found ſolid. ARS 755 vol 
: it ſeems likely from hence, that the quickfilver, in the _ 
der was quickly, cooled ſo much below the freezing point as to 
make that 1 in the incloſed thermometer freeze, though it did 
not freeze itſelf. If ſo, it accounts for the appearances per- 
feQly 1 well ; nor does there, ſeem any thing improbable in the 
"explanation, except that 3 it is contrary to what happened in the 


three. firſt. experiments; but the degree to which fluids will 
bear being cooled below the freezing point without freezing 


ſeems to depend on ſuch minute circumſtances, that, I think, 
this forms no objection. It muſt be obſerved, that the cold of 
the mixture appeared by the ſpirit thermometer to be five or ſix 
degrees below the freezin, g point ; ſo that if the quickſilver i in 
the cylinder was as cold as the mixture, and 1 have no reaſon 
to think i it was not, it is not at all extraordinary that the ther- 
mometer ſhould have froze; the only thin g extraordinary is, 
that the quickſilver i in the cylinder 1 ſhould have borne that cold 
without freezing. 
The ſame n occurred in the fixth and ſeven 


experiments, c on * the fame . into the freezing 
mixture. 

In the fourth dent the! ivory thorronteter ſunk quickly 
to — 42*; but ſoon after roſe half a degree, probably from the 
cold of the mixture diminiſhing ; it then, after having re- 
mained fix or ſeven minutes at thoſe two points, ſunk very 
quick. to - 77*. It does not appear, at what time the quick- 
filver in the cylinder began to freeze, as it was not examined 
till long after the thermometer had ſunk to — 77 , when it was 
07 EU © 5 . a 
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mer experiments, 1 think it auch, caoſt, Ikea that, it did not 
begin. to freeze till after the thermometer ad. funk to c f 
In the fifth experiment the wooden. thermometer wah partly | 
| frozen. before it was put into the eee ene and the 
ivory one was at - 40. On patting them into tb fe, 
they both roſe zithe latter, half a, degrees thE formers m 
degrees; hich ſhews that the part of the mixture [which 
they were plaged was rather warmer thaw the freezing point, 
| though that in which the ſpirit; thermometer was Placed oua- 
colder; but as there ſeems nothing to be leatut Hoch thiss wis 
not worth while entering into a detail of the circu bs | 
Though theſe experiments do not ſerve. to ſheny. what the 
freezing point of quickſilver i is, yet they do not atall patrz 
dict the contluſion drawn from the three former. 
If theſe experiments only had been made, 1 ſhould * been 
inclined to ſuppoſe, that quickfilver, froze: with a lets degree of i 
cold in vacuo than in the pen 3 as the quickſilver in the 
ivory thermometer was in vacuo, and that in the cylinder was 
not; but, as in the three former experiments, the event was 
afferent, the quickſilver in the cylinder there n firſt, a 
have no reaſon to think that this 1 is the caſe. 
Though in the ſixth experiment the thermometer in Aber ap- 
5 paratus G froze without the quickſilver with which! it was ſur⸗ 
rounded freezing, yet in trying the apparatus F in the ſame 
mixture, this did not happen; but, on the contrary, it afforded 
as ſtriking a proof that the point of freezing quickſilver aa- 
ſwers to about - 40 on this thermometer as any of Mr. 
HUTCHINS's experiments; for, on taking out the apparatus 
after it had been two minutes in the mixture, the quick- 
ſilver in the cylinder was found frozen ſolid, the incloſed ther- 
Yor. LXXIW. n mometer 
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enn een 4 bebe, N Atte leck 
been expoſed for net an hobr to the air; which was then very 
little abeve- the point of ficezing: quickſilver;” only a finial! 
Wontity of the ſurfuce was become ſtuid i the reſt formed 2 
Frouen globe round the ball of the thermiortleter, reſembling 
- poliſhed Slvet; and in 1 after this only'a ſegment of à globe 
of fremem quickſilver, with a concavity' om the inſide, formel 
5 the ball of the thermometer, was obſerved; the thermo- 
1 meter all this while continuing the fame as before, namely, at 
1% A below nothing: ſo that in this experiment the ball 
Br the; thermotneter was ſurrounded for more than an hour 
with-quidk6lver, which was viſibly 1 and flowly melting, 
A during: all which time 4t continued TOE at had: or 
1*'belo nothing. Sata 366 39 
1. muſt be obſerved, . that in the Grſt 400 Kl expe- 
ments, which were both tried with this apparatus, the freezing 
5 point came out exactly — 40?, whereas in this it ſeemed about 
half a degree lower; the reaſon of which, in all probability, 
is, that the tube of this thermometer was not ſo well fitted to 
its ſcale but that it had a little play, which would make the 
freezing point appear near balf a degree * or WY 
cording as the tube was puthed up or down. a 
Though the foregoing experiments leave no reaſbnadle wan 
w doubt, that this i is the true point at which quickſilver freezes, 
yet Mr. nurenius has, if poſſible, made this ſtill more evi- 
dent by his two laſt experiments: as, in the firſt of them, he 
froze ſome quickſilver in a gally- pot immerſed in a freezing 
mixture, ſo that the quickſilver was in contact with, and co- 
vered by, the ſnow and ſpirit of nitre; and in the latter in the 
open air, by the natural cold of the weather, and then dipping 
the ball of the thermometer into the unfrozen part, obſerved 
7 what 
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mercurial A 2 thewiaha en dhe he 
ſpirit thermotnaters anſwers: thereto namely; 29 or 28% 
D, and 30 0n EI fn in thoſe: tuo ex petitmepts the fpirir ther- 
mometersalſo. were dipped into the-frazen:quickſilvers | M 
In all tha experiments, therefore, tried tried with che Wee) 2 
ter G. the: fregriug point dame out S7 In thoſtꝭ tried with, 
F, it came outteither - 40 or about 40% ſo this as it 
appears, from - Mr. RU rchns's table of compariſon, mat 
ſtood at a medium a quarter of a degree lower than & the er- 
periments made with that thermometer alſo ſhew te freezing. 
point to be · 40* on G; and as it appeared from the examination | 
of this thermometer after it came home, that 40 chereo 2 an- 
ſmers to. 382, on a thermometer adjuſted in the manuer re- 
: commended by the Committee of the Royal Society, it follows, 
that all the experiments agree in ſhewing that the true e point at. | 
which quickſilver freezes is 3B. or in whels. f x amber 39% . 
below nothing. 1 0 
From what has deen ſald l it appears, * 105 * md 
quickfilver freezes has been determined by Mr. HUTCHINS in 
different ways, all perfectly ſatisfactory, and all agrecing in 
the ſame reſult. In the three firſt experiments the thermome- 
ter was ſurrounded by quickſilver, which continued freezmg 
till it bocame ſolid. - In the ſixth experiment the quickfilver 
vith which it 'was ſurrounded continued ſlowly melting till the 
whole: was diſſolved; and in both caſes the thermotileter' re 
mained:ſtationary all the while at what wre have Juſt ſaid to be 
the freezing point. In the ninth and tenth-experimetits,” the 
ball of the thermometer was dipped into quickſilver, previouſly 
laren and beginning to melt, as uſually practiſed in'ſettling the 
Uu 2 freezing 
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debug point 6 chertnönleters; and agrbed in the fine refult, 
tte qusckßter im the fat experiment being frozen by the na- 
rutal cold of the armi6ſphere ; and in the former, by being im- 
_ in, and: in contact with, a freezing mixture; ſo that 
his point appears do be determined in as fatisfactory a manner 
as can be deſited; and the more ſo, as it ſeems impoſſible that | 
experiments ſhauld be made with more care and attention, or 

| more faithfully and circumſtantially related than theſe fins ä 
been. The ſecond and third experiments alſo ſhew, that 
5 qdkxfilver, as well as water, can bear being cooled a little be- 
| low the freezing point without freezing, and} is 1 2 heated 
ta that you '® as 47 a8 sit . We" con geal. | 


MOYERS: 
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An mn experiments prove, tit quickſilver contracts or 
ditiiniſnes in bulk by freezing; and that the very low degrees 
ta WRHich the thermometers have been made to fi nk, is owing to 

| this contraction; and not to the cold having been in any degree 


equ: val to that ſhewn by the thermometer. In the fourth expe- 


_ rimentthe therwometer A ſunk to 450, though i It appeared by 


ths fpirit thermometers that the cold of the mixture was not 
rd than 1 1 or 6* below the point of freezing quickfilver. In 
th feſt experiment” alfo, it ſunk t6 — - 4489, at a time when the L 
of the mixture was ohly 294 below that point; ſo that it 


affairs; that the contraction of quickſilver, by freezing, muſt 
bent har equal ta its expanifion by 404 of heat *. This, how- 


-N TW timbers here given are thoſe ſhewn by the DN without any 
ce b But if a proper allowance is made for the error of that inſtrument it 
willlapgearz ther the true contraction was 2 5 leſs than here ſet down, and from 
Ne which!thermometers have been uſually: adjuſted, it is likely, that in 

me following experimegt of of Mr, HUTCHINS, as well as thoſt of Profeſſor BRAUN. 


1444 — 
t eontractio on might equally fel ſhort of that ſhewn by obſervation. 
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wet; is not * Fe 10 it ſuffers z H it a 
pears, by an extract Which Mr. uurchiBs was fo good 26 4 
give me from a meteorological Journal, kept. by kim . er | 
Fort, that his thermo neter once ſunk to 490 below nothing, 
though it appeared, by 4 ſpirit thermometer, that tlie cold 
| ſcarcely exceeded the point of 'freezin g quickbilver, | There: are 
two experiments alſo of Profeſſor BRAUN, in Which the ther- 
mometer ſunk to 544 and 5 56 below nothing, which is the 
greateſt deſcent he ever obſerved without the ball being cracked. 
It is not indeed known how cold his mixtures were; but fram 
Mr. HUTCHINS's, there is great reaſon to think that they could 
not be many degrees below — 40. If ſo, the contraction which 
quickſilver ſuffers in freezing i is ſometimes not much leſs than i its 
expanſion by 560? or 510%0f heat, that is ; almoſt And of its whole 
bulk and in all probability 1 is never much more than that. 1. 

It is very likely, however, that the contraction which; quick. 
filver ſuffers in freezing is no very determinate quantity; for a. 
canſiderable difference may frequently be obſerved. in the 
| ſpecific gravity of the ſame piece of metal, caſt. different 
times over, and almoſt, all caſt matals become heauier by 
hammering ; ; and it is likely that the ſame thing may ob 
tan in quickſilyer, which is only a metal which melts 
with a much leſs. degree of heat than the reſt. I do- * 
know, indeed, how much this variation can amount to; but, 
on caſting the ſame piece of tin three times over, I found its 
denſity to vary from 7, 252 to 7, 294, though I have great rea- 
ſan to think that no hollows were left iu it, and that only a 
ſmall part of this difference could proceed from the error of 
the experiment. This variation of deuſity is as much as is 
produced in quickſilver by an alteration of 66 of heat; and it 
is not unlikely, that the deſcent of a thermometer, on account 
of the contraction of the quickſilver in its ball by freezing, 

may 


N Mr. cav VENDISH'S ObGructines 
may vary as much in, different trials, though * whole maſs. 
of quickſilver 1 is frozen and without any vacuities. 
The thermometer marked C was intended for tryin 3 how 
much the contraction of quickſilver i is; but the experiments 
made with it were not attended with ſucceſs, as in the; firſt. 
experiment it did not fink ſo low as A had done, owing, moſt 
likely, to the great cold of the weather which froze the quick 


ſilver in the tube; and in the ſecond experiment the ball 
broke. UE 2g 
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2 > * 5 
7 1 
* 
* 


On the cold of the freezing mixtures.. 


The cold produced by mixing ſpirit of nitre with ſnow 1 is 
owing, as was before ſaid, to the melting of the ſhow. Now, 
mall probability, there is a certain degree of cold in which the 
ſpirit of nitre, fo far from diſſolving ſnow, will yield out part 


of its own water, and ſuffer that to freeze, as is the caſe with 


the former caſe, ſince the additional cold cannot be generated 


additional cold produced. This is conformable to Mr. 


Hurchixs's experiments; for in the fifth experiment, in 


which the cold of the materials was — 40˙0ꝙH; the additional cold 


produced was only 5. In the firſt experiment, in which the 
cold of the materials was only 25, an addition of at leaſt 


19 of cold was obtained; and by mixing ſome of the fame 


ſpirit of nitre with ſnow in this climate, when the heat of the 


materials 


ſolutions of common ſalt ; fo that if the cold of the materials 
before mixing is equal to this, no additional cold can be pro- 
duced. If the cold of the materials is leſs, ſome increaſe of 
cold will be produced ; but the total cold will be leſs than in 


without ſome of the ſnow being diſſolved, and thereby weaken- | 
ing the acid, and making it leſs able to diſſolve more ſnow ; but 
yet the leſs the cold of the materials 1 15, the greater will be the 


en MF. nurchiks's Experiments. 325 
materials was + 26, I have ſunk the thermometer to- — - 29% ; fo 
that an addition of 55* of cold was produced. 

It is remarkable, that in none of Mr. nuTcnins's experi- 
ments the cold of the mixture was more than 69. of the ſpirit 
thermometer below the point of freezing quickſilver, which is 
ſo little that it might incline one to think, that the ſpirit of 
| nitre uſed by him was weak. This, however, was not the caſe, 
as its WI gravity at 58e of heat was 1,4923. It was able to 


diflolve 72 its weight of marble, and contained very little mix- 


ture of the vitriolic or marine acid: as well as I could judge 
from- what experience I have of ſpirit of nitre, it was as little 
| phlogiſticated as acid of that ſtrength uſually is. 
But, however extraordinary it may at firſt appear, there is 
the utmoſt reaſon to think, that a rather greater degree of cold 
would have been obtained if the ſpirit of nitre had been 
weaker; for J found, by adding ſnow gradually to ſome of 
this acid, that the addition of a ſmall quantity produced heat 
inſtead of cold; and it was not until ſo much was added as to 
increaſe the heat from 28 to 52?, that the addition of more 
ſnow began to produce cold; the quantity of ſnow required 
for this purpoſe being pretty exactly one- quarter of the weight 
of the ſpirit of nitre, and the heat of the ſnow and air of the 
doom, as well as of the acid, being 28%. The reaſon of this 
zs, that a great deal of heat. is produced by mixing water with 
ſpirit of nitre, and the ſtron ger the fpirit is, the greater is the 
heat produced. Now it appears from this experiment, that 
before the acid was diluted, the heat produced by its union with 
the water formed from the melted ſnow was greater than the 
cold produced by the melting of the ſnow ; and it was not till 


it was diluted by the addition of one-quarter of its weight of 
that 


. 


| 
P 
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| . 1 froze the quickſilyer i in the thermometer called Gby 
Mr. nurchixs, on the 26th of laſt February. 


been in part frozen; but immediately took it out, and put the 


2 to . — tt e 9 generated bx. the form „ 7 
den en ad is js;evidents that the cold of a freezing x 
* made with the Undiluted acid, canhoß be quite Go great 3 a5 che 
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ons made with ghe ſame acid, diluted, with. a gyarter of jt 
Weight gf water, ſuppoſing, the acid and ſnow to be both at 
385 gf heat, and there is no reaſon, t0, think, that the event 
wall be giäkprent if they are colder; for the undiluted acid will 
not begin to generate cold until ſo much ſnow 1 1s  difplyed. as to 
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ipcreaſe} its beat from 28% to 51, , fo that no greater cold will be 
_ Hroduced than than would be obtained by mixing the diluted acid 
heated to 515 with ſnow of the heat of 28% - This method 
of, adding ſnow gradually to an acid is much the beſt way l 

know of finding what ſtrength it ought to be of, in onder u to 
— E duce the greateſt effect poſſible. 

By means of this acid, diluted in the . pro- 


oY 


1 did not, ih- 
C deed, break the thermometer to examine the ſtate of the quick- 
. filver therein; for as it ſunk to = 110% it muſt certainly have 


ſpirit thermometer jn its room, in order to find the cold of the 
mixture. It funk only to 30%; but, by making allowance 
| for the ſpirit in the tube being not ſo cold as that in the ball, 
it appears, that if it had not been for this cauſe iz, would have 
a ſunk to — -3 1 * which 18 5? dener the Lowes of f free, and 


n If f % * 18 ſaid 
| * As the ſurface of the freezing mixture — to — 185? on the ** ther ae 
were 15 ge of ſpirit 1 in the tube which could hardly be cooled much below the anſ 


temper of the air, and which muſt, therefore, be warmer than that in the ball by 


about 5 of b ne of the t e ** 
* ſal 


M. wi 


wren — # 
— within 55 * wroduced In wy 
| of Mr. BUTCAHiNs's FITWK. T7.” -, 0? Dimon 
In this experiment” the Wert nornet . 0 fink viry u. 
ad, a8 far as I could perecive, without ftopping at iy Inter: 
mediate point, till it came to the above · mentioned of 
rte, Where it ſtuck. The materials uſed in wikitg the 
mixture were previouſly cooled, by means of falt and ſhow, to 
near nothing; the temper of the air was between 20° and 2 56 
the quantity of acid uſed was 41 oz.; and the glaſs in which 
the mixture was made was ſurrounded with wool, and placed 
in a wooden box, to prevent its loſing 1 its cold ſo faſt as it would 
otherwiſe have done. 
| Some weeks before this, 1 made a — mixture with 5 
ſome ſpirit of nitre, much ſtronger than that uſed in the fore- 
going experiment, though not quite ſo firong, as the undiluted 
| acid, in which the cold was leſs intenſe by ih, as the thermo- 
| meter G ſunk to — 40%}. It is rudy. that the 'temper of the 
ar was much leſs cold, namely, 35 ; but the ſpirit of nitre 
| was at leaſt as cold, and the ſnow not by h leſs ſo. The ex- 
| periment was tried ĩ in the fame 1 ve of ; aid with the fame . 
tions as the former. 
The cold produced by m 41 of vitriol, properly diluted 
with ſnow, is not ſo great as that procured by ſpirit of nitre, 
though it ſeems not to differ from it by ſo much as 8*; for a 
freezing mixture, prepared with duted oil of vitriol, whoſe 


fd to be — 35?, and the temper of the air above +20. Therefore, the cor- 
reftion muſt be equal to the expanſion of a column of ſpirits 155 long, by an 
alteration of heat equal to [iy on this thermometer, which, if 1* on the ſcale 


$5 * 
anſwers to 175th of the bulk of the ſpirit, is equal to T 203 or 5˙. 
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ef beat, was 1,564, ſunk the * 
of + experiment being — 
, x the nal — as the 
vas. peoviguſly und, by addi 


ys acide res Alone br the ſpirit of hat it aq a 8 
but not much ſtronger than 1 it ought to be, 1 in order to p roduce 
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2 . E late experiments at Hudſon's 1 Bay 35 determined a 
point, upon which philoſophers not only were much 
, in general, very 


þ many obvious circumſtznces 
om of of mercurial con gelation 


divided ; 111 their opinion, Nn alſo ents L 


rh 


+31 24 


erroneous. ſentiments. The 
rendered it imprg rgbabl „that 


ſhould be five or [73  bandred degre be below e 2 of Nr 
 feale, as had been at firſt 2 yet ſear cely any one ven- 


tured to imagine that it was ſhort of 100%, Mr. HUTCHING, 
however, has clearly proved, that even this number i is far be- 
yond the truth; and that quickfilver freezes in a degree of cold 
not exceeding that which ſometimes occurs in the northern 
| parts of Europe, and frequently in the more rigbtous climates 
of Aſia and America. It now appears, that quickſilver, fo far 
from containing any eſſential principle of fluidity, does E 5 
differ from ſome of the other metals, in its melting point t, 

nearly ſo much as they differ among themſelves; and as it is 
malleable in its ſolid ſtate; and after calcination. recovers. its 
metallic form by heat alone, without the addition of inflam- 
table matter, there can be no doubt but it muſt be m 


among the perfect metals, which, therefore, arranged accord- 
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quickbGlyer,. apd-filyer...; xs i Hoorobngy MUuA AAG .M ;noitoo 
10 In, the general prograſs-af--ſelencs it is always uſeful at 
intervals, and eſpegially when any conſidarable advance has bean 
age, ta dock rennd and, een behind. 
Thus our aQual 3 is more diſtinctly comprehende 
Las Judgement may be. formed of what: remains is 
>ptable: to: the 
ciety, if I were, on the preſent acgaſign, to lay before them 
an account of the different obfervations and experiments I have 
pp + able £49 called}; relative to the congelation of quicklilyer; 
ec theſe are. fecorded 1 in - books flot eaſily 


1 1 as many of 
„ and in Jang uages little underſtood by the 1 
I wall 

12 en made to render this metal ſolid by frigorific 
8. 5 01 than andert the many inflances 75 which 
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all. bez in with the various attempts 
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45 K r. was — M. Tourer. ADAM Ait Pro- 
ndr of Philoſophy i in the Imperial Academy at Peterſburg, 
who. firſt, upon decifive evi eſtabliſhed the faſt, that 

nekfi ik can be made ſolid by a diminution of its heat: — 


4 in dude, we aer dre black FARE NN by M. 3 
meg. be thought to place platina among the e 1 See Mem, * 
Nea Roy. des Science. 1779, P. 404, Cm. Ai 2.9” 1 
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accafion, M. Br AuN utidertook the experimictitb Dr ea 
brent᷑ dbject fror that which prefered: ii? H dobrcd or 
them; ahd at the ſuggeſtion of anotlier perſori , This? gente 
man was Dr. Joan; ENR EIEEN „Profeſſdt of Mechanics 
a> the. fame Academy}* who having repeated Sriharhert's 


 expetiments with frigorifie mixtures in Germany, before he 
eame to ſetrle at Peterſburg, wiſhed to try Whether they might 

not be proſecuted further in the great natural cold which ſorn 
times prevails in that city. Illneſs prevented! De. zH ot 


je * 


35 


ing — air ſo * 2 ow A boon 
which we now know to be within a few degrees of the pott at 
which mercury freezes. M. BRAUN accordingly prepared : a fri- 
gorific mixture with agua fortis and pounded 1 ice, by means 
of which his thermometer was reduced to — W en by 


ments of this' nature. )%%Cͤöö³ẽ 8 
Part of the quickfilver "ry now — tec; v fie 
| was M. un Aut from entertaining a fuſpicion of that fort,” and 
10 entirely were his views" directed to another object, that he 
atknowledges' he had well nigh defifted from all further trials: 
content with having thus much exceeded fach eminent pte 
loſophers as FAHRENHEIT, MUSSCHENBROECK, and REAUMUR.. 
Animated, however, by the hope that a ſtill greater degree 
of f cold might be produced, heventered upon the experiment” 
anew 3 


— patjely,oblignd.to ſubſtitnte naw; in its place, With this 


Fo m ts N. a SE 
— ies hein expended, he was, forty 
8 Had the fatisfaftign. of ſeeing the — 


fink to 1005 and in ſuęgeſſive experiments to 


253447 and & 83“, Surpriſed at ſo :uncxpetted, an rent, he 
drew the inſtrumen out of. the mixture, aud. carefully NN 


_ neg its ibulb,to. ſee if it Padre 76d; any injury; but he 

— 7 entire, and moreover, perceived. a much more 
nomendn, that the quickþlyer. was fixed, — 
No! gable er nne: — wn 


per 2e 
* schell, dhe we xy Junk. into the ball, aud became ſolid 
_ belp , ma lait to. re-alcend rl, after, a Kei Jong 
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ble, trusb, — — meeting of the eee held three r 
= af te * arte,; and in the mean time was making pre 1 
tions to acqui ure, more palpable proofs,. of the act. The, ther: Ml i 
Meters, ordered, with this. view were not, ready till the 25h. EF 
of December O. S. when, in company with. the celebrated { 
Argus, Profgflar of Phyſics, he performed the experiment itt W \ 


milar Materials, an 1d. as. ſoon As. he found the quickſilveq 1 Im- 
moveable,/ brake, the, hulb,of ee Now all bi 
doubts were removed j he obtained;a folid ſhining metallic maſs, 
_ - which. extended; under the ſtrokes. of à peſtle, in,qhardueb 

her inferior to lead, and yielding a dull dead found Iker that 
metals, Profsftar IN Us was occupied, at ,the, ſamę time.iu 
aner experiments, employing | both thermometers and ſimple 


tubes 


—— yt 110 
HO OI like wife, that the congeiled pieces world fs 
in fluid Wrebry f Ml dent proofs of its great dönrr Glen: 
Theſ obſervations were frequently repeated during the winter, 
with fome' variety in the circumſtances and phænomeha; by 
Profeſſor BRAUN and many other perſons;: I find M 
ronoHðεipo, Profeſſor of Chemiſtry, the — — 
MODEL, Mell. KRASE, HIuskL, and POISSONNEER, quoted on 
erent occaſions as witnefles, they having all either performed 
fiſted at the experiments. Such evidence one would have 
J ſufficient to place the fact beyond all controverſy, and 


| render tlie congelation of mercury one of the ao backe. 
ledged truths in natural philoſophy. date 


It may not here be improper to remark, as a ad 
proof how much we are indebted to accident for diſcoveries; 
that if Mr. znAux had chanced to begin with a ſpirit thermo 
meter inſtead of a mercurial one, we might very” poſſibly to 
| this day have remained ignorant that quickſilver would freeze. 
For ſince, to judge from Mr. nuTcains's experiments, the for- 
mer would have funk but a few degrees in the frigorific mis 
tate, it is not improbable, that the profeſſor, diſcouraged by 
fach a failure of ſucceſs in the immediate object of his purſuit, 
would have relinquiſhed all further attempts of this nature. 
When the ſeaſon for experiments requiring cold was paſt, 
Profefſor BRAUN employed himſelf in drawing up a general ae- 
count of ſuch as he had then made, which he corimunicated: 
to the Peterſburg Academy on the 6th of Septernber, 1760, 
O. S. and printed ſoon afterwards as a ſeparate differtation®. 

By f this * 0 copious an extract, by Dr. WATSON, is already in 


{3 if v1 10411. 


De admirando frigore artificiali diſſertatio,.. 


1 


— 


erden xy Fre particulurs. * 


tioned hy M. 1 BRAUN were not firſt remarked by himſelf, yet the 


— very generouſly giving up their part to him who made 


_ the original difcovery, and undertook to 21 the mak ma 


; kt dreſs to appear before the world. 


publick on the ſame ſubject, under the title of © Supplements” 
to his former diſſertation +. Here he declares, that fince the 


freezing the quickſilver, whenever there was a proper degree of 


natural cold, which he ftates at = 10?, in order for the experi- 


ment to be complete, though fome commencement of conge- 
lation might be perceived when the temperature of the air is as 


high as ＋ 2. He confirms all his former obſervations, and 
adds many others to illuſtrate them; among which: two are 


very important, as coming nearer than any yet known to afcer- 
tain the real contraction that quickſilver - ſuffers in becot 


explanation of various phenomena, which depend upon vey 
fferent principles, from thoſe to which he aff mw them. 


* Vol. LII. p. 156. 


F Supplementa de Congelatione Mercuri. Nov. Comment. Acad, Scients, 


Imperial. Petropol, tom, XI. p. 302. & ſeqq. 
1 The 


Uca  Tranſaltinzs®, chat it wenld * 
ion is compoſed entirely i in his name, all the other gen- 


Five years afterwards, Profeſſor BRAUN again 2 the 


firſt diſcovery he has ſuffered no winter to elapſe without 
making ſumilar experiments, and never failed of ſucceſs in 


* 
ſöolid. At the ſame time it muſt be confeſſed; he has not 


reftified any of his former miſtakes: he retains the ſame 


groundleſs opinions relative to the freezing point of the quick- 
ſilver, the prodigious cold generated by his mixtures, and the 


eee _ 
daddies —ę— elicit? 94H it wick 
the abovementioned riporific- — N ene, es dis 
natural cold was at 48, with reckifted Ipfrits ant Mow, . 
congealed the quickſilver, and diſcovered moſt of its OL der 


39 


in a ſolick ſtate, eſpecially thar it is a real metal, which melts 
with a very ſmall degree of heat. But not perceivitg the ne- 
ceſſary conſequence of its great contraction in freezing, though! 
aware of the fact, he perpetually confounded the diminutiof o 
its volum . from this caufe with that which is fi imply the eff et 
of cold. Hence he conſidered, as the commencement of © eons": 
gelation,” what was, in reality, its extreme term, or the utmoſt 
contraction which the whole would ſuffer in becoming ſolid. N 
To this, indeed, he ſcarcely ever attained, owing to the various 
impediments that occurred from adheſion of the quickfilver in 
the thermometrical tube, hollows left in the bulb as it froze, 
portions of the mercury. remaining uncongealed, and many 
other cauſes. All theſe being by their nature very irregular, his 
ſuppoſed freezing point came to be extremely uncertain, and 
ſeveral anomalous appearances were occaſioned, which could 
not poſſibly be explained upon his miſtaken ſuppoſition but, 
| notwithſtanding ſuch errors, the greateſt part of our pteſent” 
knowledge on the ſubject of mercurial congelation is to be 
found in the writings of M. BRAUN, who may therefife juſtly 
| be ſtiled the father of this branch of ſcience. 

In his ſupplementary treatiſe, the Profeſſor engages to con- 
tinue his reſearches, and to lay the reſult of them before the 
Academy, if they ſhould lead to any thing new. But he did 
not live to accompliſn his deſign. His original diflertation was 
re-printed, and the ſupplement firſt publiſhed, 1n the Xlth tome 
of the Novi Commentarii Academiz Scientiarum Petropoli- 
tanæ for the year 1765. This volume did not appear till 1767, 
Vol. LXXIII. * and 
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2, Profeſſor En aun, in AN 


very, commendable. with, that the experiment of congealing 
quick! 
in the ſupplement, that nothing of this kind had been done. 
K. Was nog, however, till the year 1774, that his aſſertions 
received any ſort of confirmation out of. Ruſſia, and then by 
a. m de: af experiment which, did not ſeem to promiſe. much 
1 M. Jon FREDERIC BLUMENBACH,, then a ſtudent 
of Phyſic at Ge 
Univerhty,. obſerving the intenſe cold that prevailed, there i in 
the month of January that year, took the opportunity of ex- 
poſing ſome quickſilver to its action. As the original account 
of khis. experiment. was. given only i in a ſingle number. of the 
Literary. Journal of- Gottingen 7, in the German language, 1 
will here tranſlate 1 it as exactly as poſſible, ſeveral af We. cir- 
| cumſtances being very remarkable. i 
n the 11th. of January,” fays- M. BLUMENBACH; «at 
« balf after five. in, the. evening, Lput: three drams of; quick-- 
6 filver | in a ſmall ſugar-glaſs, and covered i it with. a mixture of. 
a equal parts of ſnow. and Egyptian ſal ammoniac. This mile. 
*-ture was. put looſe into. the glaſs, o that the quickfilver lay 
Vol. II. p 670. I A nid Hogg!” 
1 Hiſt. de l' Academie des 8 5 — VEIN TD 
3: Göttingiſche Anzeigen von gelehrten Sachen. stück 13. Jan, 29. 1774. 
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luer might be repeated in other eauntries, and laments, 


tingen, now Profeflor of- Medicine 1 in the ſame 


18 


vv cena * ” 
1 pelfeclly free, being otily covered by 4t as with Rites © of f '; 
« dhe whole, together With the glaſs"wreighed fmbibHar above 
4 af tinge. hung it out at à wikdow three ſtöfies high, 
„upon 4 fmall robf Faking the weſt, ſo that the Plaſs was 
« freely expoſed t to the north-weſt; aud I mixed with the ſnow 
* upon which it ſtood two drams more of fal ammoniac. The 
10 ſnow and fal ammoniac in the glaſs ſoon froze in the open 
ait to a maſs like ice: no ſenſible change, however, appeared 
«in the quickſi Iver that evening; but at one in the morning i it 
« was found frozen ſolid. It. had divided into two large and 
« fout ſmaller pieces; of the former, one was Hemiſpherical 
« 3nd the other cylindrical, each ſeemingly rather above a dram 
in weight; the four ſmall bits might amount to Ralf a fcruple. 
« * They were all with their flat ſide frozen hard'to the glaſs, and 
no where immediately touched by the mixture; their colour 
«yas a dull pale white, with a bluiſh caſt; like zinc, very 
different from the natural appearance of quickfiver, F withed 
much to break the glaſs immediately, and to try how theſe 
bodies would bear the hammer; but defiring rather to have 
« witnefles of ſuch a rare phenomenon | refrained. The f. pirit 

* of wine, in an excellent thermometer made by BRANDER, | 
« ſtood at this time 10® under o of FARRENHEIT's ſcale, which 
e was the cold of Upſal in 1740. Next morning, the r2th, 
„about ſeven : 0 clock, 1 found that the larger hemiſphere be- 
v gan to melt, perhaps becauſe it was moſt expoſed to the air, 
< and fret ſo near as the others to the fal ammoniac mixture 
„which lay beneath. In this ftate it reſembled an amalgam, 
v ſinking to that fide on which the glaſs was inclined, but 
* without quitting the ſurface of the glaſs, to which it was 
« ſtill firmly congealed ; the five other pieces had not yet un- 
* dergone any alteration, but remained frozen hard, as I had 


* y 2 66 obſerved 8 


--—M the cylindtical piece began to (often in the fame 


* 


hint my friends; —— fi ine lde Sb 52 
4 witlvi an They were the younger Dr. — 9 — 
at wann, W AahE R, Aden Toward: nig lit G clock 


*5:the former, and the other four ſoon-followed.” Abott OY 
10 they fell from the ſurface of the glaſk, and divided into 55 
fluid ſhining globules, which were ſoon loſt *i in the inter- 
$:ſtices of the frozen mixture, and re- united in part at the 
6 bottom, being now exactly like common quickſilver:” MFC 
In this experiment at Gottingen it is not a little ſurpriſing, 
that the cold ſhould have proved ſufficient to effect ſuch a con- 
gelation of the quickſilver. A mercurial thermometer would 
probably have ſtood lower than M. BLUMEN BACH's of ſpirits; 
but how much cannot poſſibly be determined, without knowing 
the ſtrength of the ſpirits, and after what method it was gra- 
duated. At all events, the difference could ſcarcely have 
amounted to ten degrees, which would till give the tempera- 
ture of the air at leaſt 20* above the freezing point of quick- 
ſilver. Sal ammoniac with melting ſnow produces 32 degrees 
of cold; may we ſuppoſe, that it has a power of increaſing the 
cold FR as much when it and the ſnow are previouſly cooled 
below that point“? But if ſo, why was not the quickſilver 
congealed till after a period of ſeveral hours, ſince other frigo- 
rific mixtures begin to act almoſt immediately ? Beſides, there 
Was not here the appearance of action, which conſiſts in a folu- 
tion of the ſnow, inftead of its freezing into a maſs. Or had 
the cold been 3 where the mercury was placed than at M. 
BLUMEN BACh's thermometer? The whole experiment remains 
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e Biſhop warzon's Chemical Efſys, Nl. UI. 5. 138. 
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F be eg wer net frofeuahut. only. che her with 
cd / tg : tarhich opinion, haweyer,, therg are beat ohjactions. 
4 lb is worthy, of mark, chat Gottingen, though ftuated in 
the fame latitude as London, and enjoying a temperate climate 
in generals, becomes ſubject; at times. to a great ſeverity, of cold. 
This gf the Irth of January, 2774, is one inſtante: I find 
others when, the thermometer ſunk, there, to ab, 4 16% or 
192; and at Cattlenburg, a ſmall town about twyo German 
miles diſtant, to = 30. By watching. ſuch extraordir uy 
occaſions, experiments on the freezing of quickſilver might 
eafily_ be performed in many places where the poſſibility of 
m is at preſent little ſuſpected. The cold obſerved at Glaſ- 
gow. in 67a would have been fully ſufficient far that _ 
led 8 le nA een 40356 
. ne 8 Ae of the ſolid ke Air. 
fers ſo much from Profeſſor BRAUN's, with. reſpect to its calour 
and general appearance, as to require a particular explanation. 
Their diſagreement, I imagine, was occaſioned by a diverſity 
in the circumſtances of their experiments. Quickſilver cryſtal- 
lizes in, becoming ſolid. In this property it reſembles. other 
metallic ſubſtances, as appears from many facts, and & ele- 
gantly exemplified in thoſe curious cups which are formed by 
expoſing: proper maſſes of melted metal ta the cold air till the 
outer part be ſufficiently hardened to conſtitute a ſolid coat, and 
then letting out the internal fluid part, ſo as to leave a hollow in 
the middle. This concavity is found every where beſet with 
metallic cryſtals, ſcarcely vielding in beauty and, regularity: to 


it 
* 9 


—.— EMV- s Sibiriſche briefe, p · 98. Nov, Commentar. Petrop. "toni, VII. 5 
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6uithtver} Peofeflor Swain hithfelf obſerve,” that whe. 
cover it ha cnτEled but imperfectiy;and the fluid part was 
poured off, tlie folid ſürface which eartie in view was extremely 
rough us ff compoſed of many frlt globuleg, One of Mi. 


for hee rerürks, that when the fluid mercury was devanted off 
in His teuth experiment, «© the internal ſurface of the frozen 
. Io. panes ſhewed very uneven, with PA radii going acrofs, 
* ſore of which had heads reſembling pins.“ 
felfor BLyvMEtNBACH's Experiment, the quickfilver lying looſe, 
except the flat fide that touched the glaſs, could cryſtallize 
without impediment, An. — affumed a rough, and con- 
Tequently a dead-white ſarface 5 whereas in thoſe made by Mr. 
BRAUN, with tubes and — the metal being ſo 
much confined by the ſmooth glaſs, its ſurface was rendered of 
a high poliſh, not diſtinguiſhable in point of ſplendor from 
chat of fluid mercury. Perhaps alſo, M. BLUMENBAcH's quick- 
ſilver might have been made to look duller by ſome res or 
moiſture collected u on it from the ſal ammoniac and ow. 


4%, 3 0 ah notification of Profeſſor Bx As Eberienents by 
the French Academy of Sciences, a fort of requeſt is inſerted, 
that proper perſons might be ſent by the Ruſſians into Siberia, 
and by the Engliſh to Hudſon's Bay, for the purpoſe of re- 
peating them with every advantage of natural cold. I do not 
find that the Ruſſians have taken arry notice of this; and indeed 


with regard to them it would be almoſt ſuperfluous, as ſcarcely 


a winter paſſes at Peterſburg in which the weather is not ſevere 
enough for the ready congelation of mercury by artificial 
means. But in this country, the Royal Society, ever attentive 
bf | 5 


uu ros late obſervations exceedingly illuftrates tis matter; 


Now in Pro: 


FAM 2 abie— Ad — Dp 
N d wake the peorlſary; application tothe Hydon's, Bay 
Company 5 in conieguenee of which, Mr. BYTORING, i who 
was then, in London, ;apd.going out with a commiſſſon as go- | 
vernor ag; Albany, Fort. offered to undertake the experiments, 
| ndexecmed them ina very complete manner, as appears from 
the account publiſhed in the LX VIth volume of the Philoſophi- 
cal Tranfactions. In the months of January and February 177 5. 
he twice, froze quick wer at Albany Fort; and in the firſt of 
theſe experiments,. having broken his thermometer, he found; 
that the metal flattened by a fall of about ſix inches, boxe to 
be hammered; gave a deadifh” found like lead, and Was 
finely. 9 iſhed on the. ſurface... As Mr. nurchixs adopted 
exaftly the method: of Profeſſor BRAUN, he obſerved the ſame 
phznomena, encountered the ſame difficulties from-the ſticking 4 
of the quickſilver. in the tube, and cracking of his thermo- 
meter, and was equally at a loſs with regard to the point of 
congelatign, | Still, however, this was-the fulleſt conſirmation 
that M. nx AUm's Diſſertations had ever yet received; and it 
may be condi ered as a prelude, by which Mr. nu rentus ac- 
quired the experience that enabled him to ſucceed ſo perfectly 5 
in his laſt molt decifive and RP Is: | 


N @ bs " 


7 $44 The a account: . Me: HUTCHING's Grands: at- Hudſon's 
Bay was read before. the Royal Society at the eommencement 
of the ſevereſt winter that had been known far. many years in 
Europe. Two gentlemen of different countries embraced this 
opportunity to attempt the eongelation of quickſilver. The 
firſt was Dr. LAMBERT-BICKER Secretary to the Batavian So- 
ciety at Rotterdam, who, on the 28th of January, 17 76, at 

eight in the morning, made au experiment to try how low he 

8 could 


* Ware „ * * 
melt . * 118 3 * , g 7 d 


2345 DVL Ar db —_— x 
80 — thermometer by artificial old. th retnpeki | 
ture of ths air bein ng chen Wa: * He could not bring the mer 
_ cury' lower than < 945, at which point it ſtood immoveable; 
and upon breaking the bulb he ſaw with certainty that the 
outer part of the quickfilver had loſt its fluidity, and was 
tkikkened to the confiftence of an amalgam; it fell out of the 
bulb in little bits, which bore to be flattened by preſſure, with 
out running into globules like the inner fluid part. 
Next day, when the thermometer ſtood at 4 8, he repeated 
the experiment with all poflible exactneſs, after M. BRAUx's 
manner; but could not obtain a greater deſcent of the mercury 
than to 80 under o, and did not again break his thermometer. 4 
The firſt account I ſaw of theſe experiments was'in an ex- 
tract from the Altona Poſt *, in the German language, which 
Sir JOSEPH | BANKS had the goodneſs to procure. from Gottin- 


gen at my requeſt; but as they are confirmed by Profeſſot 
VAN SWINDEN in his Obſervations on the cold of 1776 1, 


there can can be no doubt of their authenticy; and they afford 
a proof that the freezing point of quickſilver cannot be lower 


than — 9455 as it ſunk * to that degree, and Ives was in part 
En" 


8 5. The FR gentleman who tried the effect of this ſevere 
cold in 1776 upon mercury was Dr. ANTHONY FOTHERGILL, 
at Northampton, and the account of his experiment may be 


ſeen in the Philoſophical Tranſactions for that ar ih His 


* Altonatr Reichspostreuter, 1776. No 24. Feb. 24. 
+ Obſervations ſur le froid rigourenx du Mois de Janvier, 1776, p. 
277 

Vol. LXVI. * 589. 
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frigorific mixturs appears 15 10 haye þ — the yitriolic 
id; and the natural cold ofthe air at Nomhawwpten. bat dax, 
the Zoth of Jauuary, was 95, It is ſearcely paſſihl to de- 
termine ho far he ſucceeded. The quickſilver of his thermo 
meter ſunk into the bulb, and it, as well as ſome in. 3 Nn 
contracted what Dr. FoTHERGILL calls a, film, on the top; but 
unleſs the ſcale of his inſtrument. went below = 40 or ſome 
ſolid cryſtals were formed, ſuch as M. BRAUN and others ob- 
ſerved at the commencement of congelation, nothing can be 
collected with certainty from this experiment. | 

Though the cold of this hard winter was not. 83 
either in England or Holland, for the convenient performance - 
of experiments on the congelation of quickſilver, yet in many 
parts of the European continent, not. farther north, it was 
fully intenſe enough for that purpoſe, The very morning 
when Dr, BICKER ſucceeded ſo imperfectly at Rotterdam, the 
thermometer ſunk to - 225 at Rudolſtadt, ſituated a. degree 
more to the ſouthward; and it had been the preceding 4 as 
low as — 18 at Berlin *. 


_" 
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4 6. 1 fad no 1 attempts to * quickſilver, cl the 
year 1981, when Mr. uTcHins reſumed this ſubject with ſuch 
brilliant ſucceſs. The preceding experiments had done little 
more than prove that quickſilver might be rendered ſolid by 
cold, and ſhew what ſort of ſubſtance it was in that ſtate. 
Noching ſatis factory had been aſcertained with regard to its 
freezing point, or the degree of a thermometer at which it 
| ceaſes to be a melted and becomes à ſolid metal. It muſt not 
be ſuppoſed, however, that the gentlemen who were engaged 

* Beſchiftigungen der Berliniſchen Geſellſchaft Naturforſch, Freunde. B. II. 
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—_—_— neglected fich & principal object of enquity; 
un the contrary; Profeſſor $RAYN himſel '% as hath been already 
Aientioned/ crook infinite pains to in veſtigate it; but, fot waut 
of pereetving the conſequences of the metab'b great contraction 
itr becoming ſolid; went very wide of the truth. This fource 
of error did not eſcape the penetration of other Philoſophers, 
ſeverat of hom declared their opinin that the degree of cd 
neceſfaty for the congelation of quiekfily r could hardly be te- 
termined by freezing a thermometer filled with that fluid. But 
Mr. CAvENDISH and Dr. BL ACK were the gentlemen: who ſog- h. 
. geſted an adequate method of obviating the difficulty, 10 as to 
aſtcertain the point in queſtion with. certainty and preciſion. 
NReaſoning on the well known fatct, that a quantity of. water 
continues at the ſame temperature from the moment it degins do 
freeze till the whole i is become folid, they very juſtly concluded 
that the fame would held good with tegard to quickfilver;; and: 
Mr. eavENDiSH: confirmed this inference by experitnents wi with 
metals of eaſy fuſion, in which he found a thermbn eter keep 
at the ſame degree all the time they were paſting from a fluid 
to a ſolid ſtate. Hence it was propoſed, that a ſmall thermo- 
neter'ſhould be placed in ſome quickſilver to be frozen; which 
finking' pretty regularly till the congelation began; and remain · 
ing ſtationary till it ſhould be complete, would *_ ſhew the 

degree of cold at which this effect takes places 
It is not at all ſurpriſing, that both the e nee 
gentlemen ſhould have ſuggeſted the fame method, without the 
leaſt communication of each other's ſentiments, Moſt diſcove 
ties follow ſo cloſely upon a certain ſtate of advancement it 
every ſcience, that, under the preſent general diffafion'of know- 
ledge, ſimilar ideas muſt be expected to occur about the ſame 
time to ſuch perſons as are engaged in ſimilar purſuits. When 
the fruit is come to a certain degree of ripeneſs, more than one 
man 


— 1 _ EY 
man may have ſtrength enough to ſhake it off. Were we ſure 
that philoſophy would continue t to be regularly cultivated, per- 
haps it might x with truth be affirmed, that the utmoſt efforts of. 
genius amount only to a power of anticipating diſcoveries which 
would neceſſarily be made in the courſe of à few years by the 
common progreſs of mankind. The principles of this experi- | 
ment for determining the point of congelation in mercury 
being already before the world, it was moſt probable, that the 
conſequences to be deduced from them would not eſcape gentle- 
men of ſuch acknowledged ſagacity, whenever they might 
happen | to apply their attention to that ſubject. 

Though the methods propoſed by Mr. CAVENDISH and Dr- 
BLACK were fundamentally the ſame, yet there was ſome dif- 
ference in the apparatus they recommended ; and as the former 
gentleman, got bis execyted 1 in London and ſent out to Hudſon's 
Bay, it was that which Mr. nuTCnins employed in performing E 
moſt of his experiments. A circumſtantial detail of theſe has 
ſo recently been read before the Society, that it would be tedious 
for me here to recapitulate tho particulars. They have not only 
confirmed the preceding obſervations relative to the ſolid ſtate 
into which quickſilver can be brought by cold, its metalline 
ſplendor and poliſh when ſmooth, its roughneſs and cryſtalliza- | 
tion where the. ſurface was, unconfined, its malleabillity, ſoft- 
neſs, and dull ſound when ſtruck ; but have alſo clearly demon- 
frated, that its point of congelation | is no lower than — 40?, 

or rather 39, of FAHRENHEIT $ ſcale; that it will bear, 
however, to be cooled a few degrees below that point, to which 
it jumps up again on beginning to congeal; and that its rapid de- 
ſcent in a thermometer through many hundreds of degrees, 
when it has once paſt the above-mentioned limits, proceeds, 


merely from 1 its great contraction in the at of freezing. Theſe 
222 
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the real author and firſt mover of the whole buſineſs, that 
nothing e me but to 1771 2 ew ſappletparary'/re 
a op Bere 34 HO eee, F "ft 
Moſt of the appearances which” pres M. aided in is 
| experiments admit of ſuch x" ready ſolution from! theſe of Mr. 
norcnrxs, that it would be ſuperfluous to dwell upon ebch 
particular there is one, however, which muſt be mentioned, 
becauſe an erroneous explanation has been given of it by a very 
eminent Swedifh philoſopher *. Profeſſor praun obſerves, 
that by a certain kind of management he could effect the coñ- 
gelation of quickſilver with very weak aqua fortis. For this 
purpoſe he filled ſeveral different glafſes with ſnow, into which 
he ſucceffively poured the dilute acid of nitre, and immerſed 
his thermometer. The mercury, which would fink obly to 
148 in the firſt glaſs, came in the fourth to tlie term of 
complete congelation. It is no wonder that the profeffor, with 
the ideas he entertained, ſhould think this extraordinary; but 
we now clearly underſtand, that the cold in the firſt glaſs was 
ſofficient to freeze part of the quickſilver, but did not laſt long 
enough to render the whole ſolid; in the ſecond glaſs a further 
part frone; in the third ſtill more; till at length only ſuch 2 a 
quantity was left as the fourth mixture could fully congeal. | 
Another phænomenon, of which M. BRAUN gives a very un- 


ſatis factory ſolution, is the ſinking of the quickſilver in his 
benen after they were taken out of the frigorific mix- 


This, 1 ſuppoſe, proceeded entirely from its beginning 
to —— in the warmer air, and conſequently ſubſiding to fill 


up vacuities in the ſtem or ball, in the ſame manner as hap- 
® Kongl. Vetenſk, Acad. Handlingar vol, XXXII. .. 
4  pened 


the” n h, Wed. = 347 

rened very remarkably. in ſore 6f it 6 Experiments ar Huilfow's 
* aud in ante tnetcoralogical: -gbſervatios to be teſoribed 
bereafter· W e ys 545 8 5 Ast! big 10 Hos ls N 
ena mentions, in the temarks upon his nini ex- 
periment, that the internal ſurface of the congealed quickfilver, | 
after the ſuperincumbelit frigorifie: mixture and. ffuid metal had 

| beet) decanted off, „ was every where” very rough, and of a 
« dull white, reſembling? that of à ſilver ſpoon in common 
d uſe 3?” likewiſe, that che lamp ſhewed very weak cohefion, 
6 crumbling to pieces under the ſtrokes of a hammerg and had 
« not the uſual poliſh.” - Theſe diffetertces he aſoribes to an 
eſſect produced, by the ſpirit of nitre in the mixture, upon thie 
quickfilver, with which 1 it came into immediate contact: but 1 
am rather of opinion, that they were occaſioned ehiefly by 1 3 
unconfined cryſtallization of the mercury i in the open gallipot 
employed for this experiment, ff ſimilar appearances: having al- 
ways been obſerved en it congealed under fuck circum- 
ſtances. #195 ea 
It is here DE TA to take notice, that the e ent 
out to Mr. nurchixs, even thoſe made with quickſilver, did 
not exactly agree together. From his Table of Compariſon we 
may collect, what ſubſequent experiments have confirmed, that 
= 40? upon the two ſmall ones with ivory ſcales, a a ſevered: 
to —44% or — 4.5% upon one of the large thermometers, that 
which had the ball on top, and to — 42% or — 43? upon the 
other, Now as this laſt was the inſtrument” which Mr. 
HUTCHINS. plunged i into the quickſilver he attempted to freeze 
in his eighth experiment, and which ſunk only to - 40%, it is 
no wonder that he did not then perceive any marks of conge- 
lation, the cold really 1 two or * iron Segrers of being 


ſufficient for that effect. eee ROY 4% 


The 
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82 near the 


greateſt cold of the frigorific mixtures. 


958 Although 1 in two of Mr. uvrehixs's « thermometers the 
quickſilver ſunk exceedingly low, to — 40 or near — Soo, 
there is reaſon to believe he did not in any inſtance obtain the 
| extreme term of contraction, ſince Profeflor BRAUN, in ſore 


of his laſt experiments, brought the mercury. in one thermo- 
meter to — 544 , and i n another to — 5 56? ? . Hence it would, 


ſeem, that Mr. HUTCHINS had always ſome part of the quick | 
ſilver left unffozen, or ſome yacgity remaining, either i in the 
ſtem or the ball of his inſtruments; and as no objection appears 
againſt thoſe experiments of M. Braun's, we muſt conclude, 

that quickfilver, in becoming folid, contracts about a 23d of 
_ its whole bulk. . When the principal object in view is to deter- 


mine the quantity of this contraction, it will be moſt expe- 


dient to perform the experiment in the leaſt degree of cold 
Which will permit the quickſilver to be entirely frozen, that it 


as that in the bulb, 
Among the numerous improvements in natural knowledge 


re-appears when they are converted back again to their original 
condition, This remarkable effect of ſuch changes, TI believe, 


* Nov. Comment, Petrop. tom. XI. p 


p. 313. 
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thermometer; called H WAS frohe dus n 1G 
freezing point of 1 Water, which ſerved, 


as a kind of compenfation in the lower parts of the ſcale, ſo a8 
ito make-it a reeitolerably well with thoſe of mercury in the 


may not be ſo likely to ſtick faſt in the tube; but care muſt be 
taken to congeal the whole of the mercury in the an as well J 


which have been made within a ſhort period of years, perhaps 
none tends to illuſtrate more phænomena of nature than the 
late diſcovery, that a conſiderable quantity of heat diſappears 
when bodies paſs into a ſtate of fluidity or elaſtic vapour, and 


meter Eg 
vas firſt obſerved dt Glaff gow, about. dent y years ag; 2 
bt Ack and N ANI, ho endeavoured to delt hs 
moſt material cireuimſtancłks by various experit fits: * Sihee 
that time Dr. LACK has conſtantly tauglit it in his benical 
lectures; and confidetivy the heat which iſippears! as IE re- 
mainihg in che flüid dt Vapbur, but deprived for he tithe bf Its: 
property of being communicated to other bodies, and thereby- 
becoming ſenfible, he balls it latent heat, a tefin Gent 8 
expreſfive of his manner of conceiving the fact. en 
In the year 1772, the celebrated Profeſſor wifes 2 nfeltel; 
in the. TraiifaQtions of the Royal Academy f Scietices” At 
Stockholm ®; a papet profeffedly'on the fubject' of the cold gro. 
ductdiby ſnow in melting,” which being written in the den th: 
langtrage is leſs" khôwn in his country than it deſetves. He 
ſeems Hot at- all acquainted with what Pr. BLACK had de. 243i: 
ſpeaks of it as his own diſcovery, originating in an #cidental: 
attempt to melt away a quantity of fnow by the” affufion of 
hot water; when he found the proceſs go on ſo flow ly, and ſb 
little effect produced, that he determined to inveſtigate" the 
| Guſe of ſo unexpected an event. After a · ſeries of experimeiits- 
with this view, . he came to the following conelufior; that 
how, in melting, conſtantly abſorbs a certain and equal quan- 
tity of heat, which isemployed entirely in giving it fluidity: TO 
tender ſuch a property more intelligible, M. wILCKE” pro- 
pounds a Particular theory of an elaſtic fluid between the par- 
ticles of bodies; and he proceeds to various illuſtrations and 5 
deductions, all highly ingenious. var 
Two principal methods have been adopted. to prove this lofs 
of heat; one, by adding ice at the freezing point to a certain 
proportion of water at a known degree of heat, and obferving 
how much the temperature of the mixture comes out below 
* Kongl, Vetenſkaps Acad. Handlingar vol. XXXIII. p. 97. 
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of the, diftxibution. of heat. among bodies; the other, by ob 
ſerving bow much faſter water near the 3 point acquires 

| ſcuſible heat, than an equal quantity of Ace melting under fimilar 
eireumſances. It 1 is obvious, that both theſe methods tend 


hot. only to prove the fact, but likewiſe to diſcover. the quantity 


\ reverſed, will ſhew the. quantity. of heat evolved, when a 
 Awid congeals or becomes ſolid. In this way Dr. BL, ACK efti 
mates t the beat 1 in. queſtion to be equal to 140 degrees upon FAH- 
-RENYEIT. 5 s ſcale; Profeſſor WIL kk, by a great variety of ex- 


it out pretty vniformly about 130 and Mr. caven DISH, as he 


5 hath lately informed. us, finds i it amount to 150, and chooſes to 


call the proceſs a generation of heat or production of cold. 


freezing point of quickſilver depends entirely upon this gene- 


the congealing quickſilver is kept it the ſame temperature as 
long as any conſiderable portion of it remains fluid, I thought 
ſome account of ſuch an intereſting diſcovery would not here 


be miſplaced, It no becomes an important object of atten · 


tion, in examining the properties of bodies, to inveſtigate the 


quantity of heat produced or loſt at their melting and vaporific 
points. So little, however, nas hitherto been done in this 


reſpect, even with thoſe bodies that are changing from fluid to 
ſolid every day before our eyes, that! it is no wonder we are yet 
unable to determine it in a ſubſtance which has ſo ſeldom been 


ſeen in a ſolid ſtate. But from the very quick congelation of 


quickfilver when placed 1 in a frigorific mixture, as ſhewn by its 


* MefT. LAVOISIER and L DE PLACE, from ſome late experiments with their new 
apparatus, fix it at 135, 


rapid 


that which g 00 have reſulted according to the common lays 
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peximents with, different proportions o of ſnow and water, brought 
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As the method put in practice by Mr. HUTCHINS to ſettle the 
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ration, re-appearance or evolution, o of heat, by means of which 
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rapid deſcent in the thermometer, and Som its readineſs: 6 


melt again upon an abatement of the cold, apparent in all the 
experiments, and particularly noticed by M. Braun; there i is 
reaſon to believe, that the quantity of heat employed ĩ in giving 
it fluidity 1 is not very conſiderable. When water, which has 
been cooled below +32?, begins to freeze, a certain part « of it, 


am N to r chat! in N of Mr. HUTCHINS's ex- 
| periments the firſt jump of the quickſilver down from alittle 
below the point of mercurial congelation, depended on a fimi> 
kr principle of the ſudden freezing of ſuch a proportion of the 
Mercury as correſponded to the number of degrees i it had been 


ſuffers in congealing, were. both known, its quantity, of latent 


| heat, to ſpeak in Dr. BLACK'S language, might, readily be 
found. From a rude and vague computation of this ſort, 1 


am led to believe, it is not half that of water; ; and if ſo, 
quickſilver ſeems to differ much in this reſpeRt from other me- 
tals; for tin is ſaid, from Mr. 1RwIN's experiments, to re- 
quire, in order to melt, a quantity of heat which, if ſet looſe 


and rendered ſenſible, would raiſe the thermometer 500 degrees. 


Beſides the inſtruments contrived particularly to try the 
freezing point of quickſilver, 
ſent out to Hudſon's Bay, principally with a view to ſome col- 
lateral circumſtances of the experiment. My intention in 


recommending them was to diſcover what degree of cold the 


freezing mixture produced; and to obtain a more exact com- 
pariſon of the relative contractions of mercury and alcohol, by 
Vor, LXXIIL A aa marking 


proportioned | to the degree of cooling, ſhoots at once into ice; 
that! 125 ice continues to be formed till ſo much heat be evolied 


cooled below that point; hence, if the degree to which i it bore 
to be cooled before it began to congeal, and the contraction it 


two ſpirit-thermometers alſo. were 


1 1 
' 
' . 
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marking their finultancous deſcents on a more extended ſeals, 
Or as long as both of them ſhould continue to contract regu- 
larly. The ſpecific gravity of the alcohol 'ettiployed to make 
theſe thermometers was found to be o, 8254, in a temperature of 
58575 7 and chey were graduated on the principle of two fixed 
points, one, the real freezing point of water fixed by actual 
experiment; the other, the 122d degree above o, determined 
by compariſon with a ſtandard mercurial thermometer. This 
interval being divided into go parts, the degrees ſo found were 
meaſured downward as well as upward on the ſcale, with a pro- 
per allowance for. inequality in the bore of the tube. A ſubſequent 
. experiment ſhewed that the freezing point had been rightly 
marked upon t theſe inftruments ; but that, in conſequence of a 
common fault 1 in conſtructing thermometers, of not heating 
the contents of the tube ſo much as thoſe of the ball, the 
point of 122® was marked on both of them lower than it ought 
by the ſpace of two degrees; ſo that 122% on che ſcale indicated 
only 120 degrees above o of real heat. Any detail of the ob- 
ſervations that were made to ſettle the relative contractions of 
quickſilver and ſpirits by means of theſe inftruments would be 
improper at preſent ; it is ſufficient to mention, that on one of 
them the 29th degree below o, and on the other the zoth, were 
found to correſpond with - 40® of the ſmall mercurial ther- 
mometers, or more preciſely with the point that would have 
been — 39® upon an exact ſtandard inſtrument. £ 
The other object for which the ſpirit-thermometers were 
propoſed, is more immediately connected with the congelation 
of mercury. All former experiments with frigorific mix- 
tures had left us abſolutely in the dark with regard to tHe de- 
gree of cold that was really produced. By theſe inſtruments 


it is NOW determined, that the greateſt effect of a mixture of 
ſnow 
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ſuch natural cold as congealed the quickſilyer expoſed to it, was 
only to diminiſh the heat to ſuch a degree as would aer r 
with — 45 or - 46 of a ſtandard mercurial thermometer ; and 


conſequently that the cold obtained by FAHRENHELT: in the firſt 
experiments with ſuch mixtures, which BO0rRHAAvxE ſtates at 


4, cannot be exceeded but by a very few degrees. This reſult 


| is the more ſurpriſing, on account of BRAUN's poſitive aſſertions, 
that his thermometer both of rectiſied ſpirits and effential oils 
deſcended 1 50 or at leaſt 100 degrees below o +. But, ſince 
that gentleman was ſtrongly impreſſed with an opinion of the 


leſs than thoſe of mercury, I ſhould, from this circumſtance 
alone, be inclined to place moſt confidence in the experiments 
made at Hudſon's Bay, in which no hypotheſis was adopted, 
and therefore no prejudice can be apprehended. Indeed Mr. 


HUTCHINS's obſervations with regard to the degree of cold ge- 


nerated by his freezing mixtures, are ſo regular, uniform, and 


numerous, as hardly to leave a doubt that it does not exceed 
235 or — 360 of his ſpint-thermometers. And this is, of 
itſelf, a very great additional proof, that the freezing point of 
quickſilver cannot be much lower than Mr. muTCaiNs deter- 
mines it, ſince the mixture was incapable of diminiſhing. the 
heat more than ſix or ſeven degrees further. The advantages 


arifing from a knowledge of the cold produced, were ſo apparent 
in theſe experiments at Hudſon's Bay, with reſpe& to many 
circumſtances, both in the congelation of ny n itſelf, 


* BOERHAAY, Element. Chemiz, tom. . p. 164. | 
+ Nov. Comment. Petrop. tom, XI, p- $90. 316. 317. From 260? to 300 


of pz L' 18LE's ſcale. W. 5 
Aa a 2 and 


a and ſmoaking acid of nitre, even with the advantage of 


exceſſive cold neceſſary to freeze quickſilver, ſo much as to 
ſhew evident perplexity at finding his ſpirit-thermometers ſink 
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and in the aQion of the frigorifie mixtures; that I ſhould 
ſuppoſe ſpirit· thermometers will always be em n in _ 
whenever "any Ay of this kind is arterapred. 


1 
% ; 


6 7. It is N A little bene that 1550 FR 2. of 
Profeſſor BRAUN, now near fifteen years ago, all attention to 
the congelation of mercury ſhould in a manner be laid aſide on 
the ſpot where it was originally diſcovered. A dead filence on 
the ſubject ſeems to have prevailed at Peterſburgh till this pre 
ſent winter ; when Dr. MAT. GUTHRIE, r. k. s. Phyſician to the 
Cadet Corps of Nobles, having heard the matter much cat» 
voaſſed during his late viſit here, reſumed the conſideration of it 
on his return to that metropolis. The only intelligence I hate 
yet received of Dr. 6UuTHR1E's experiments or concluſions, ĩs con- 
tained in one of his letters to Dr. OARTHSHORRE of this _ 
who has obligingly fayoured me with the following extract. 
8 „Having found, ſays Dr. urRIZ, in my late; journey 

«to Britain, that it remained a matter of doubt, whether mer- 
4 cury in its pure ſtate, unmixed with heterogeneous matter, 
had ever been or was capable of being congealed; I am glad 
4 to be able, from the reſult of ſeveral experiments, to inform 

you, that the pureſt mercury known to the chemiſts is capa- 

"66 ble of congelation, and in that ſtate will bear the hammer. 
1 have done ſomething alſo toward determining the point of 
its congelation, by determining what i it is not, viz. 1 500 of 
* 4 vit's thermometer. 

N fine thermometer, made by NAIRNE, En _ 
f REAUMUR, that is, 337% of FAHRENHEIT below the 
freezing point” [or — 305*] © ſunk entirely into the bulb, 
„ while the mercury in which it was plunged remained per- 

" ek... liquid, nay had not as yet grown thick and gritty, 4 
| «© phenomenon 
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phenomenon that always precedes congelation, as 1 have 
found in my experiments; nor had there as yet been formed 
« in the inſide of the tube containing the mercury to be frozen 
(and the thermometer to determine the point of congelation 
« with which I ſtirred it) an incruſtation of the metal, another 
indication of approaching congelation, which ever begins on 
the ſide of the tube, and gradually increaſes till it has 
« reached the center, and a ſolid cylinder is produced. 

From this you may form a judgement of the impurity of 
the mercury which ſome pretend to have ſeen congealed with 
| natural cold; for here 1 50 of REAUMUR was not found a ſuf- 
« ficient degree of cold to freeze it, and ſurely no ſuch abſence 
of heat, or any thing near it, has ever been, or ever could 
be, obſerved on the face of the habitable globe. 

I ſhall only add, that my experiments were conducted « on 
« the plan of my learned friend Dr. BL Ack, and ſpiritus nitri 
s fumans Glauberi with ſnow, were employed to produce an 
4 artificial cold, while the thermometer of REAUMUR. ſtood at 

* 20% below © in the open air” [that is, —1 19 of FAHREN= 
verr's  fcale.] 
Though the conſequences. here deduced by Dr. GUTHRIE 
from his experiment are undoubtedly erroneous, as appears from 
2 ſufficient number of other facts, yet it is not at all ſurprizing 
that they ſhould have ſeemed to him juſt; for the error ariſes from. 
a circumſtance, which could not be foreſeen with certainty, and 
occurred in ſeveral of Mr. nuTcains's experiments as well as 
in Dr. 6uTHRIE's. To underſtand, this, it muſt be conſidered, 
that when we attempt to aſcertain the freezing point of water, 
by keeping a thermometer immerſed in it while it is changing 
into ice, the inſtrument employed for this purpoſe is not made 
of water, but of a different fluid, not ſubje& to be peculiarly 
affected 


3556 De. ADN Hifory of 
feed by that particular degree of cold. In order, therefore, 
to render tlie experiment with quickſilver perfectly analogous, 
it would be neceſſary not to make uſe of a mercurial thermo- 
meter; but to ſubſtitute ſuch a one as is capable of ſuſtaining 
a greater intenſity of cold. For otherwiſe, if it ſhould hap- 
pen, from any circumſtance, that the quickfilver i in the ther- 
mometer ſhould” begin to freeze before that in which it i; 
plunged, the whole experiment muſt evidently be fruitleſs, a 

the former would fink, perhaps, many hundreds of degrees in 
the inſtrument, by its own contraction in becoming ſolid, 
while the ſurrounding mercury ſtill retained its fluidity. Now 
this was preciſely the caſe in Dr. 6uTuR1E's experiment; the 
thermometer, with which he ſtirred his quickſilver, congealed, 
it would ſeem from the great deſcent, almoſt entirely, though 
he could f not perceive 1 in the quickſilver ſo agitated the leaſt ap- 
Pearance of change to a ſolid ſtate. Thus, likewiſe, in ſeveral 
of the experiments at Hudſon's Bay, the mercury in the en- 
cloſed thermometer was found to freeze before that in the cy 
| Inder. Hence! it 18 ; manifeſt, that the continuance of _— 


. $ +, 


that metal finarſb@'; in it r Rum dere | 

The cauſe of this phenomenon is extremely uncertain. Poſ- 
fibly the point of congelation may not be exactly the ſame in 
all quickſilver under all circumſtances. Foreign admixtures 
may occaſion a difference in this reſpect; and it does not follow, 
that the effect of ſuch, in certain proportions, muſt neceffarily 
be to make the mercury congeal ſooner, fince, in the caſe of the 
fuſible metal, the melting point of tin is brought lower by the 
addition of two metallic ſubſtances, both of which ſeparately 
require a ſtronger heat than it for their fuſion. 

But as quickſilver bears to be cooled ſome degrees below its 


freezing point, before it begins to form ſolid cryſtals, the phe- 
7 | | nomenon 


domenon in queſtion lf re 5p6n hat reh ſwhes? fot 
it, from whateber cauſe, the mercury in the thermometer 
ſhould begin fo congeal as ſoon: as it was cooled down to 397 

or — -40* . whilſt that which ſurrounded i it would ſuſtain a cold 
of 43 or 44 without becoming ſolid; it is evident, that 
the whole of the former odight” be congealed, and yet no part 
of the latter, though the real freezing point of both were tho 
ſame, that is, though the ſurrounding quickfilver as ſoon as it 
came to ſhoot its cryſtals would riſe immediately to — 395 5 the | 
point at which that in the thermometer froze. 

As this is undoubtedly the moſt obſcure part of our know- 

ledge relative to the congelation of quickfilver, I endeavoured 
to illuſtrate it by ſore experiments on the freezing of water. 
The pureſt water J could obtain bore to be cooled to + 210% no 
fs than eleven degrees below the temperature to which it in- 
ſtantly roſe as ſoon : as the cryſtals of ice ſhot through 1 it. This 
was diſtilled water very recently boiled; it is a miſtake, there- 
fore, that boiling neceffarily renders water not ſo capable of 
being cooled below the freezing point. In proportion as the 
water was lefs pure, it ſeemed to congeal the ſooner; and the 
kind of impurity which had the moſt effect appeared rather 
to be extraneous matter diffuſed through the water, ſo as to 
trouble its tranſparency, than ſuch as was chemically diffolved 
in it S. The ſmalleſt particle of ice, alſo, whenever the water 
was below the freezing point, either added from without, or 
by any means formed in it, would inſtantly cauſe a cryſtalliza- 
tion, by which the whole came immediately up to + 32% 
Likewiſe a crack in the bottom of the containing glaſs veſſel 


* I take this to be the reaſon that boiling has been thought to render water in- 
Capable of being cooled below the freezing point. In moſt kinds of water, the 
application of heat occaſions the precipitation of earthy ſubſtances which were 
before held in ſolution ; hence the water comes to be in the ſtate of having extra- 
neous matter diffuſed through it, and therefore readily congeals, 

effectually 


—— 


— 


— — 


— 2 — . —— — 
mn - 


- - 
. I ig ow, 4 


= Pg N 1 22 
— 3 = ee — wn * 3 
N 
— — — — — — 4 


g58 
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effectually prevented the water from being cooled below the 
freezing point, as ice conſtantiy formed on the bottom, per: 
haps in conſequence of the early generation of ſome. 1 minute 
portions of it in the crack. But independently of theſe cit. 
cumſtances, neither firing, agitation, a current of freſh air 
on the ſurface, nor the contact of any extraneous body not 
colder, would cauſe the. water to ſhoot into ice, even, after it 


Was cooled many degrees below the freezing point, * 


ſtanding the repeated afſertions of authors to the contrary. 
How far theſe facts may be applicable to the above mens 


quickſilver in which it was immerſed, can ſcarcely. be deter- 


mined unleſs more particulars were known. They ſhew, how- 
ever, that the eongelation would not neceſſarily be brought on 


by ſtirring the quickſilver, as practiſed by Dr. GUTHRIE; and 


point the way to various conjectures upon this difficult pheno- 


menon, the diſcuſſion of which myſt be reſeryed for a future 


opportunity. 83 1 aa 


This ſource of error in I Fa for ſettling the 2 * 
mercurial congelation, may eaſily be obviated by a ſmall change 
In the apparatus. Nothing further 1 18 neceſſary than to employ 


thermometers made of alcohol, eſſential oils, or ſuch other 
fluids as will bear the requiſite cold without freezing. Pro- 
ably the former of theſe will be found moſt convenient: 
and although the contraction of other fluids does not, exacti 


keep pace with that of quickſilver, yet as the relative propor- 
tions can be readily determined, experiments with them may at 
all times be reduced to the mercurial ſtandard, being not only 
the moſt familiar, but likewiſe that which ſeems to correſpond 
beſt with equal increments and decrements of heat. 

There is one way alſo in which mercurial thermometers may 


be employed to aſcertain the freezing paint of quickſilver; I mean 


by 


tel 


by plunging them. into ſome of that metal which has we 


| the —— f 


ments. It anſwers to the method of determining the common 
point of congelation upon a thermometer by melting i ice, well 


freezing water. If, however, the point of mercurial congela- 


it is evident, that no reliance could be placed on ſuch an experi- 
ment; and it can ſcarcely be executed but with the greateſt 
advantage of natural cold. 


that quickſilver did not congeal till it was cooled under — 30 5, 
ns ſuggeſtion of impurity in the mercury employed by others 
is clearly without foundation. The inſtances to which he re- 


concomitant circumſtances, confirmed by the moſt credible 
r. as ſhall ene be ſhewn ®, | 


means would remain incomplete, were I not to mention that 


zenious artifice of diluting the nitrous acid to a proper degree, 


* Since this was written, Dr. cUTHe1E has ſent a more perfect account of his 
experiments. They agree in the main with Mr. uurTentvs's, and the difficulties 
hich occurred to him may be ſolved on the ſame principles, It ſeems'net impro- 
bable, that the thermometer with which the Doctor ſtirred his quickſilver had, by 
lme accident, in the courſe of a long experiment, come into contact with the 
bigorific mixture, and fo been ſet freezing. 
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frozen and is now melting, This was put in practice very ſuc- 
ſsfully. by Mr. nurenixs in his ninth and tenth | experi- £ 


known to be more ſteady and certain in its temperature than 


tion be not exactly the ſame in different portions of the metal, 


As Dr. 6uTHRIE was miſtaken in ſuppoſing he had proved 


fers, when that metal froze by the natural cold of the air, are 
rendered certain and unexceptionable, from a great variety of | 


$8. This account of ä congelation by artificial 


x Hampſtead, on the 26th of February laſt, the temperature 
of the air being then above + 20?, Mr. CAvENDISN, by an in- 
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ſunk "I | 
quently froze it in part. Ue then interrupted” the experiment 
to try the cold of his frigorific mixture by a ſpirit thermometer, 


Alices which often occurred being umputed by the obſer vers to 
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and found it nearly as great as Mr. uvrcuins had'ever'pro- 
duced at Hudſon's Bay, that is, about W to 1 of a 
ſtandard mercurial thermometer. * 


fr 
th 
„% | 1 co 
P A R T i 

No other experiments have been :nftituted, as fir as hat i 
come to my knowledge, for the purpoſe of rendering quick- . 
ſilver ſolid by frigorific mixtures; therefore I now proceed toa 5 
new ſeries of facts, which ſerve partly to confirm the former, 
and partly to ſhew their application. Though the congelation . 
of mer cury, abſtractedly conſidered, muſt be allowed to form Ml = 
a a very curious and important epocha in the hiſtory of that me- G 
tal, yet it is as having a reference to thermometers, by teach- : 
ing us what dependence can be placed upon thoſe inſtruments, p 
fixing our ideas with regard to the different diminutions of heat, E 
and enabling us to form a juſter eſtimate of climates, that it 
chiefly becomes intereſting to the human race. The ſubſequent 
part of this narrative will demonſtrate, that quickſilver has p 

very frequently become ſolid by natural cold; that in a few in- 
ſtances the effect was ſo palpable and obvious as to ſtrike with 
remediate conviction ; but that in moſt it has never ben i 
even fuſpected till the preſent time, the ſtrange appear : 


any 


TN 
2 


bund to carry with them a force of internal al 
eſtabliſhes the. truth beyond all doubt. 
| In enumerating theſe facts, 1 ſhall continue to purſue a chro- 


. p 


acquired ſome degree of accuracy. This did not happen till 


that period: ſo intimately are improvements in Philoſophy 
connected with the n of inſtruments! ! 


the favourite ideas of her illuſtrious uncle, PETER the Great, 


ferent parts of her vaſt dominions, and enquire into the com- 


Imperial Academy were choſen for this expedition ; Dr. JohN 
GEORGE GMELIN, in the department of Natural Hiſtory and 
Chemiſtry ; M. GERARD FREDERIC MULLER, AS general Hiſto- 


year 1733 they departed from Peterſburg ; ; and though a prin- 
cipal object of their commiſſion was unavoidably neglected, 


proviſions to Kamchatka, yet it was the tenth year of their 
travels before the ſurvivors returned to Europe. 


memorable ſurvey of the Ruſſian empire were communicated 
B b b 2 to 


nological order. They are in general of ſuch a kind as could 
ſcarcely become an object of attention, till thermometers had 


near the year 1730, and the firſt obſervations which prove the 
freezing of quickſilver were made within four or five years of 


- munication between Afia and America. Three profeſſors of the 


from the difficulty of tranſporting the neceſſary fupplies of 


RS re 


nce which 


* 1. When the e ANNA I1WANOVNA had aſcended the 


throne. of Ruſha, ſhe reſolved to carry into execution one of 


by ſending out proper perſons to explore and deſcribe the dif- 


nographer; and M. Lovis DE L'ISLE DE LA CROYERE, for the 
department of Aſtronomy ; draughtſmen and other proper 
affiſtants were appointed to attend them. In the ſummer of the 


} 


The thermometrical obſervations made in the courſe of this 


* & the world by Mader nn it account of thaw 
appeared in the preface to his s Flora Sibirica 
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the moſt remarkable are adduced as proc of the exceflive ri n- 
gour of the Siberian climate; - but they were afterwards given 
at full leugth, with a more fatisfactory detail of circumſtances, 


in M. ewmELiN's journal of his travels +, publiſhed by himſelf 
 fome years after his return. An abſtract of them was alſo ; in- 


ſerted in the Peterſburg Commentaries for the years 17 56 p and 


1765 C, taken, after the profeſſor's death, from his original 
diſpatches, in poſſeſſion of the Imperial Academy. All the 


accounts agree together tolerably well; but as the journal is 


more immediately from the author, in his native language the 
German, and commonly contains moft particulars, 1 thought 
it right to adhere principally to that work 1 in the following x nare 
ration of the facts . DR þ 15 
It was at Veniſeiſk, lat. 580 N. and long. 92® E. of Gren- 
wich, that M. GMEL.IN firſt-obſerved fuch a deſcent of his ther- 


mometer as, we now know, indicated the mercury to have 


been frozen. This happened in the winter of 1734 and 1735. 


% Here,” ſays the profeſſor , ve firſt experienced the truth 
of what various travellers have related, with reſpect to the 
« extreme cold of Siberia; for, about the middle of December, 
« ſuch ſevere weather ſet in, as, we are certain, had never been 
« known in our time at Peterſburg. The air ſeemed as if 


« it were frozen, with the appearance of a fog, which did not 


# P. Ixxi—Ixxiiz. 
+ Reiſe durch Sibirien. 
t Nov. Comment. Petrop. tom. VI. p. Ka 5. 
S Ibid. tom. XI. p. 320. 
See alſo Mem. de PAcad, des Sciences, 1749, p. I. 
A Reiſe, Theil. I. p. 355. 
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e ie make tol aſcend! as it rfined/ from the ohitagies.. 
« Birds fell down out of the air as if dead, and froze imme- 
«diately; unleſs they were brought into à warm room. | 
Whenever the door was opened, a fog ſuddenly formed round it. 1 
During the day, ſhort as it was, parhelia and haloes round the —_ 
« ſun were frequently ſeen, and in the night mock moons and 
« haloes about the moon. Finally, our thermometer, not ſub- 
« jet to the ſame deception as the ſenſes, left us no doubt of TH 
«© the exceſſive cold; for the quickſilver 1 in it was reduced” [on | F 
the 5th of Jan. O. S.] “to —120® of FAHRENABELT's: Kale, 
| « Jower than it had ever hitherto been obſerved in nature. 
Thus far Profeſſor MERLIN. Little did he conceive hs, 
| though his thermometer was not ſubject to the ſame deception 
as the ſenſes, it lay expoſed to another ſource of error which 
defeated all his concluſions: for as ſoon as the cold became ſuf- 
feiently great to produce any congelation of the quickſilver, it 

ceaſed to be a meaſure of the temperature ; inſtead, therefore, 
of 1200 below o, the cold moſt r did not exceed the 
point of mercurial congelation, or 397, but by a very few de- 
grees, the great deſcent of the quickſilver, as it depended upon 
its contraction in the act of freezing, only affording a proof ; 
that it had really fuffered this change. Py | 

We muſt here obſerve, : that Dr. 6MELIN's, thermometers | 
were conſtructed by M. joszPH NICHOLAS DE L'ISLE, brother 
to the gentleman who went upon this expedition, on-the prin- 
aple invented by himſelf, and which ſtill bears his name. At 
preſent ſuch thermometers are always made by determining i 
two fixed points, of which the uppermoſt, or that of boiling 
water, is aflumed as o, and the lowermoſt, or the point of | 
melting 1 ice, as I 5o', the ſcale being counted downward ; but v 
in their original conſtruction, when the utility of fixed points 'Y 

was 


= bed underſtood, Moo Wies tak the: a of his: 4 
from decrement in the bulk of the quickſilver equal to ten thou· 
ſandth parts of its whole volume at the heat of boiling water. 
By this method the freezing point ſeems to have fallen dn 
the 152d degree; and accardingly Profeſſor OL In, wh 
ever he has occafien to expreſs. his obſervations in the numbers 
of FANRENHEIT's ſcale, reduces them on that ſuppoſition, It 
is not eaſy to diſcover the exact time when the preſent method 

of reckoning M. vz L'ISLE'S degrees commenced ; but ſo early 

as in M. bn Aux's experiments it is exprefily ſtated, that the 
freezing point of his thermometer was only 1 50% %. Thete- 

can be no doubt, however, both from theory and from wir- 
BRECHT's f and-GMELIN's oſs, that in the thermome- 
ters uſed during this Siberian journey, the degree at which 
water congealed was nearly as low as 45273 it is according to 
this proportion, therefore, that I ſhall compute all Dr. 6Mz- 
LIN's obſervations, adhering to the common rule for ſuch as 
Have been made ſubſequent to his time with DE L ir . ther- 
mometer. —_ Mien | 4 
The next infintice of — 8 to be found in 

__ ,6MELAN's journal exhibits a very ſtriking example of the force 
of prejudice. It happened at Yakutſk, lat. 62 N. and long. 
130° E. in the winter of 1736 and 1737, and is thus related 
by the profeſſor d. This winter was unuſually mild here, 
«© nevertheleſs we endured at times very ſevere cold, being froſt- 
« bitten in a fledge within the ſpace of fix minutes, notwith- | 
64 ſtanding all our c precautions. One day, alſo, a certain per- 


* — Reiſe. Theil. III. p. 143. 

Nov. Comment. Petrop. tom. XI. p. 299. 
2 bid. tom. X. p. 303. 

3 Reide, Theil. II. p. 454. 


F —— 
| fon, . d forme fepurit jon” in the learned world on ac- 
e cͤt of his obſervations in natural philoſophy, informed 
me by a note, that the quickſilver in his barometer was fro- 


u incredible wonder of nature. Not feeling by the way the 
« ſame effects of cold as J had experienced at other times in 
4 leſs diftances, I began, before my arrival, to entertain ſuſpi- 
« cions about the congelation of his quickſilver. In fact, I 
« ſaw that it did not continue in one column, but was divided. 
in different places. as into little cylinders which appeared: 
« frozen, and in ſome of theſe diviſions between the quick- 
« filver 1 perceived an appearance like frozen moiſture. It im- 
0 mediately occurred to me, that the mercury might have been 
_ % cleaned with vinegar and falt, and not ſufficiently dried. The 
« perſon acknowledged it had been purified i in that manner. 
This fame quickſilver, taken out of the barometer and well- 
dried, would not freeze again, though expoſed to a much 
greater degree of cold, as ſhewn by the thermometer. We 
+ were aſſured by the inhabitants, that the ſevereſt cold of this. 

« winter did not approach what they had ſuffered other years; 
and yet the thermometer fell ſeveral times to 72⁰ below o of 
* FAHRENHEITT'S ſcale, which would be thought, in mn, 

« at leaſt, a very intenſe froſt: 1 
The gentleman to whoſe obſervation Dr. 6M FE here ſhewys 
ſo little reſpect, ſeems to have been no other than one of his aſſo- 
ciates in the commiſſion, M. DE L' ISLE DE LA CROYERE®, pro- 
bably the firſt perſon upon earth who ſaw quickſilver reduced 
to a ſolid form by cold, and ventured to credit the teſtimony of 
his ſenſes. As to the objection, that the ſame mercury did not 
freeze with a greater degree of cold, it is of no avail; for M. 


* Sec Dr. vinsL's Letter, Phil, Tranſat, vol. LI. p. 673. 
G. MELIN 


« zen. I haſtened immediately to his houſe, to ſee this hitherto. 
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— lt Brag ong the leis x. wld 
the quick ſilxer appear to ſink below that — 
freezing andyadhefon-of the. ſmall: thread of anercury in the 
thermometrical - tube. Beſides, a part of the quickſilxer ex- 
poſed to the air might eaſily be frozen, and yet no appearance 
of ſuch archange be perceived, if the maſs did not any where 
ſeparate or divide. And the fact, that it actually did freeze 
ſeveral times during the winter is put beyond all doubt, by the 
ſinking of the thermometer ſo many degrees below the term at 
which that effect begins to take place. The abſurd idea, that 
quickſilver appears to congeal in conſequence of water ĩt con» 
tains, was derived, I believe, originally from a whim of x Aav- 


„ 2x =o _ wo a—rw +... 


Menn LuLEx's. It has been the uſual refuge of thoſe gentle - 
men who thought proper to deny that mercury could be made Wl £2 
ſolid by n but is too deſtitute of n to merit confu· 7 
tation. W. 1 5 mer ü 
| Profeſioria BRAUN mentions, .c on two different 3 q. tha ö 
the Peterſburg Academy have in their poſſeſſion ſome df 0 
tions made in Siberia, which ſeem to ſhew the congelation of | 
mercury by natural cold; but that little credit was Siven to : 
+l them, becauſe it had at other times been found to retain its f 
1 fluidity when the cold was much more intenſe. - Probably the $ 
'| obſervations here meant are M. DE L'ISLE DE LA CROYERE'S; » 
for that gentleman certainly tranſmitted papers to the Academy, 6 
according to which the mercury became ſolid as ſoon as it fell F 
about 200? below o of his brother's thermometer +, cor- [ 


* Nov. Corkiveatt! Petrop. tom. VIII. N 363. and tom. XI. p. 269. 
+ Phil. Tranſact. vol. LI. p. 673. RY 
reſponding 
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reſpouding wih 150 yo bana nnr foal eftima- 
tion, thi found to be many degrees N dhe truth, 
yet approaches ie ſp near 88 to impreſs à very favoural 
hof M. 8 " & far obſervation, and of his ſupe- 
di „ * is to oh ſame gentleman | that 
are indebted for — of the aſtoniſhing ſeverity of 
ap: ery in the narth-eaſternmoſt | extremities of Alia. Va- 
— itſelf, lying further in that direction than any other place 
— M. GMELIN reſided, eyidently partakes of the fare rigo- 
| rous cold, if a winter in which quickfilver froze ſeveral times 
was eſteemed unuſually. mild by the inhabitants. R 5 | 
Another ſet of obſervations, 1 in the courſe of which the 
. frequently congealed, were made by Profeſſor GN ELIN 
at. Kirenga Fort, lat. $74 N. long. 108 E. in the winter of 
1737 and 1738. His thermometer on different days, ood at 
= 108%, 80% — 100. 11355 and ſeveral intermediat e de- 
grees. Some extraordinary appearances, which Very. Wy per- 
| plexed him in theſe obſervations, not only admit of a, ready 
ſolution from Mr. -&UTCHINS'S. determination of the freezing- 
point of quickſibrer, but alſo aid it with wonderful * . 
den., 4 
On the 23th of Ori 0. 80 = the thermometer, 
had been ſtanding two days at. = 460%, the profeſſor f found 1 it 
funk at noo! to.208P.. He adds“: J had ſcarcely noted, down, | 
+ this obſervation, when. ſuſpecting ſome miſtake, | ran back 
and examined it again. I ſaw the quickfilver now at 102? A 
a7 and it continued ring ſo ſo faſt, that in the ſpace of "Ralf a an 
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40 hour it had reached to "i 19%." * The explanation of this Phæ- 


nomenon, which appeared ſo, odd, co M. GMELIN, is yery, evi- 5 
dent. When the intenſe. cold ſet in, the quickhver froze i in 
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thread of uickfilver 1 in the tube foi! baeltedꝭ arficeorſequently 
ſubbded. ey ir Gimme much lower than Dr. Mets hip. 


pened't6 dbferve it at noon ; for vhen' the great Bodyrof quick. 

aan a Booth in motion, ascending rapidly” As it ex. 
9 d by melting, till it came vp to tbe degree ee that tor. 
reſponded with the tettiperitiite” of the rl Therefore; Anſtead 

of a change in that tetnperature from = 46 to 1095 im a fed 
Hours, 10 from 168% up to 19% in half un hour which 
0 "yy obſer ration only thews. 


woila Pass ave been really aftoniſhir 
that the cold, after Having & continued two days as rhubh below 
2 3 45 kee to freeze mereuty, at lengthy ubated 20 
r 36 degrees s, perhaps very graduilly';"ng/grearer -alteratiaj 
n freque wot takes plac ce in moſt exttitropicaFefimiares: bi: 
ua tere oecutted' at Kites 5 Fort u few Yays alter, 
BS 7. 5 explic licable ir in tlie fa 0 Mannen Hs wy n 
gaw, on the 20th of December (O. 80 D. e found 
thermometer, Flick hait deen ſtanding at 40 fgarlylin 
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his t 
the morning,” ſunk dowti'to. '—150% at four in therafterndons 
He ſubjoins the following remark +.. *F-obſerveqrifomt airs 
=_ : my a the therm ometer, ſepirating the quickſilver for therſpate 
=. = about f ix degrees. Yeſterday evening I to notice of a. 


« ' fimil ar ap app 3 earance, etoept that the $f daS Hot then cullected 
f 4 25 49 Gi, | 

N « into ohe place, but Hy catterxd 4h ſeveral. I confid red iti 
| < us LSE in the ihſti rent, and artemgtedt to- 
f Loney . 3 ſteel wire, but could not bear the 
1 ; Ge beate ft n a leine very foal! ain bubbles 
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4 which! ;had;then-nicp aq, 4A and oc, pe 89 lea dle 7 of 
| chem was tothe. ſeem inthe, barometer.” Ly 1 1 4 1101 Tile 7h 5141: 
| Intcannothe dend, bor theſe appraranoes proceeded from a 
| cohgelation-of the meren in Profeſſor GMELIN's ram. 
His thermortieter ſhowed. by: | its deſcent that the cold was ; ſulfi- Z 
cient for this effect; and the diſappearanee of thoſe ſoppoſed 
Ar- bubbles as the froſt, abated, demonſtrates, th at they fre no- 


8 more than ener formed . _— _ * of. 125 
ieh, 


_ 


inute 2 
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rmometer,, 


Nkewiſs: as e pointing ay ah, great © of 
cold neceflary for its congelation. For Ges, 285 90 fly af: few, 
very minute bubbles wereleft, the mercury reached 1 81 4 
in the thermometer, its freezing point could not be below chat 
degree, becauſe ſome of it continued ſtill ſolid, but muſt be . 
little hagher, juſt ſo much as would anſwer to the EX panſion 
produced by the melting of that very ſmall proporig.of metal 
which-remaned frozen. n bd. 4 
ty 
From Dr./GMELIN'S n. to extricate th e fu ppoſed "LY 


ar by. 
means af a wire, it would 22 * the tubes of -his, ther-, 
ſome meaſure cod, 
pa;Sibirica be fo T whe 10 
ke wenig, that upon. arriving; at, or; gy 9 

uſed to try Whether his thermometer wopld 711 le to. Q 12 
water, and., ifi there appeared any dehigiency, 1 Weh | 
addition of freſh quickſilver ; - which he would 4 be le 
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vided 0 rate, 5 he ft tele quick Klilver, 29 have depended in part 
upon this exp c olure, tothe ROE moſphete, "48 well as upon this large | 
Ze Of 15. DE 1 L 'ISLE"s s rat thermtoreters,. "Under: theſe | 
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„ feveral biker Scat. ons obſerved, that the 
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e in His e ebe locked as if air was interſperſed | 
in it. Whenever this happened,” it always ſubſided many de- 


Ge 


grees below 107 what * we now underſtand to be the point of mer - 
urid congelatio we The! pr ofeſſor, totally at aloſs to explain 


190 
tuch a { phzmomenon, f imputes it ſometimes to a fundamental 


fault! in his inſtrument, but which he could never diſcover, and 
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at t other rimes to an imaginary effect of the intenſe cold, in 
expelling or extricating : ar from the pores of the quickblver,to. 
be abſorbed as the cold' abated. On the gth of January, 1738, 
0.8. the mercury ſunk at once to 114 © after buying, Wen 
tationary. two whole days at 45 f. 11 A 
. he taſt obſervations of M. MEL in's, in idee qullkGhet 


| froze, were made upon his return homeward in a part of Si- 
beria, much nearer the confines of Europe. During the montli 
of * December, 1 742, as he was paſſing over that branch of the 
Ural or Riphæan mountains which runs between Vetchoturi 
and Solikamiſk, äbobt the th degree of N. lat and ſcarcely 
60: degrees £6f Greenwich, his- thermometer funk to 241% 
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thermometers puts it, beyond doubr that the quieKhlver' wak 


orce” 


frozen, This eyent furpiſhed a very d 5. Pro 5 'of 5 


3h 


of habit ig, reconciling in men to \ hardfhips, which, in their com- 
mon courſe of life are ; thought intolerable.” Profe „ e 
who had now. been nine years in Siberia, not only bore to travel 
in this exceſſive cold, but alſo, in order to aſcertiin the height 
of the mountains. he trayerſed, employed nſelf in 
a barometer, whilſt the picklilver v was bee in "his len. | 
ments. Wa e 
"Theſe are : the principal 0 of Dr. GMer IN" 8 ep rr dl 

ſervations, | He collected many more, part of which wee de- 
ſtroyed by | fire or other accidents, and the remainder. ſeem, to 
contain no further information. They were conſidered by kim 
as demonſtrating the cold of Siberia to exceed that even of þ f'the 
moſt northern parts of Europe near 100 degrees, an opinion = 
which has fi ince been almoſt univerſally adopted ; 2 whereas we 
[1 have, i in fat, no proof that the difference of climate amounts. 
do ſo much as the var iation between one winter aud anotller. 
At Veniſeiſk, where the cold was ſo intenſe in 173 5s it does not 
ſeem to have ever been ſufficient to freeze a thermometer in the 
winter that M. GMELIN ſpent there four years afterwards; and 
t will ſoon be ſhewn that quickfilver has. congealed more than 
once in Europe. All that we are authoriſed to conclude, there- 
fore, with reſpect to the Siberian elimate, is that the cold 
there not unfrequently exceeds the degree indicated * "x of 


a flandard mercurial thermometer. OY 
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GMELIN, near the. extremity of Alia, 
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after the in tellgent! Acac Ae F Prrerfb Buts Nad Petlechatcl 
into > Siberia by order of the Rufido Moi, av". 
Sovereign ſent out thoſe phtpCoph (cit 'expeditionis by felt 
the opinion of our tie Coin try ad) "Fefpeaiug He Ours 
of the earth, was ſo honourably confirmed, As it became ne- 
Fans for. the determination | of tin gelten, o* Hleafuſd a 
degree, at the arctic circle, che gentle A i ue tc i 
were unavoidably expoſec "to a gredt [ev 5 ity of Cold About 
ike th time when. the quicklilver was ee froz6h No Pfofeffot 
IELIN, near t | WHORE ove Eming his 
_ . 11 MayreRruis and Kiltodltes be the liqut 


cong ſpirit-thermowerer at Tommes. in La Weib 
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| graduated according to that philoſopher's original idea, "would 
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undoubtedly 1 ſhew that the quickſil Iver froze, | as it correfp' f 
with. 15.1 * of FAHREN HEIT. But the 1 inaccuracies in oonſtrudting 


THIER 


M. DE taunus 3 thermometers. have' been ſo great, that 1 
thik n o de ; dence Can be placed upon this obſervation, 'cſpe- 
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cially as t does not appear to have been! attended with any er. 


e e = I 783. qui E Linie 103 HAS 
"The fam objection holds good. Wa chene to A EIN, ; 
tions made by M. GAUTIER at t Quebec, from the eat i, 743 to 
1749, Ak rat Abich! is unferted is in the Menioirs of the 
Aca lemy | of Sciences Þ. © The a count given of his 


F 45 Ae 
thermometer 18 too indefinite t to allow any certain inference to 
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he drawn ; but as the quickfilver ſeveral times contracted ſo 
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745 5 We aome naw. to an instance of what, | 122-5 Dow 
it may have happened, has hitherto- never been ſuſpected, the 
congelatian. of quickflverin Europe by natural cold. The ob- 
ſervations which prove this fact are recorded i in the Tranfagions 
of the Royal Academy. of Sciences at Stockholm, whence I : 
have. extracted as Gallowing account, om. the. e 
Swedith: 206 
In January, 9 the ber; was Fee tall in Lap- 
land. © On the fifth of that month different: thermometers ſunk- 
0 o 76, - 1282, or lower Again, on the 23d and. fol- 
lowing. days, they fell to- = 58*, = 79*, —92?, and below mh. 


* 
—_— * 


into the ball +, This great deſcent of the mercuty. was 


emed in faur places, Tornea, Sombio, Iukasierf, and U 
I lat. and 


the. 21ſt and 28th of. eaſtern longitude, by M. ANHREW HEL- 
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LANT, economical Inſpector of Lapland, whoſe 5 on 
the Seren affard of hem lves ſufficient evidenc Ky 


hat 


the whole body of the ſun a above the low woods that i 
terminated aur horizon 7 I took a thermometer which. was. 


® Kongl. Vetendt. Acad. Handlingar, vol. XX. p. 314. 
+ Ibid. vol. XXI. P. 312. 
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<6 the cold was only a few degrees below the freezing poi 


„ ittüment. But tom 


ul about noon, 1 found 4 th euere 


© ven o clock, and the ſcale hed Down 11 38” below © 

«could ot perebviewr think, Marais dudes 6 
«6 4 lenly to ſuch zn extracrdinh degred uf cd I ther 
brd cbt "my. thetthonictay; ehe only dne L. had left; wi 

«Yoors, and held it Before the Fre, ichen if quickly aſce 
aeg heigiit ! in à warm rooma-Upen (bei cal 
«54 again into the 0) pen air, and phibell im ih 
00 28 in the forenoon, to — 61%. Afterwards I expoſed ib 
752 re do che fütlihine; but the ſun banned 
1 the bBrizony the quickſilver did mob ful 
inte Yhebalb as beſbre. Fthett returaed with the dap 
and held it in my hands before the firegn 
« Which the quicker tell back into the ball, where it 1 
$4zcnidyior. hotiow bubble aboubthe;fize of a pepper 


& When 1 inclined the thermometer, this bubble ran round 


61] u; and aftet a fow organ! the n roſe agaii 
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_ ropeated theſe vir times atNebulosloch 
ment Above ten miles diſtant from Sombio] the fame 
tern oon and be following day, by carrying the thermom 

t ef tho / ebld ſometimes ta the fire, and ſometimes 3 in 

irn hut; when the ſame thing happened, that the qu 

* ſilver always ſubſided into the ball. After my return to 
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, Having ſpent - an hour at the Rouſe of oft 
© my friends, , in the afternoon of the 256 th ap Jarwary, and 
4 find ing on my, return. that a e ann © to 
« — 58? „had. funk into the ball, I could not; at firſt belle ve it 
, « had happeped, from the cold, but thou 


oght ke b 
0 muſt & _broken, till other Pere ef 


2 Beg it convinced me oft the truth.” 
Several reflexions. preſent themſelves on the peruff 11 of et 


obſervations. The phxnomena fairly | ſhew, that thete Was 


ſufficient degree of cold to congeal t the quickſilver | in Mr. "Tl - 


RA hich. ſometimes. ſupk 15 low into 


Tenn s, tl 
k faſt 1 in the tube till i it was cated 
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the more extraordinary, becauſe M. HELL AN r, during txenty- 
three years that he had made obſervations in Lapland, never 
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onze 3810 fo 
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2 1487 be 7. 
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Two circumſtances, however, ſtruck M. HELL ANT, which 


t have c g led him immediately to ſuſpect the truth. The 
| bel a ras, 1 on ſuch a degree of cold as this prodigious deſcent 
6 of the thermometer ſeemed to indicate, bore no ſort of pro- 
p dortion to the general ſtile of the weather i in that country, 
W bat could be more incredible, than that the cold, which hai 
never been known before to ſink the thermometer below — - 49) 

ſhould on one particular occaſion exceed that point by hun- 
Freds of degrees, more than double the whole variation of tem- 
perature between ſummer and winter ? Such an event would 
Tow a want of balance in the ſyſtem of nature, with reſped 
to, heat and cold, ſo very different from the apt adjuſtment of 
its other parts, as to be inadmiſſible but upon the moſt deciſive 
proofs. . Any reflecting perſon, therefore, would be more in- 
clined to believe, that the inſtruments employed had ceaſed to 
be meaſures of the temperature, from ſome cauſe or other, than 
that the extremes of cold ſhould be ſubject to ſuch anomalous 


exceſſes. . 
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killed. birds fall down. N out of the air, and i it is with the 
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utmoſt . difficulty. that. man, notwithſtanding all his reſources, 
can, Preſerve th e extreme parts of his body from being deſtroyed 
by the. froſt. Now, if the cold had been increaſed as far be- 
yond this ; flegree,. as it differs from the heat of boiling 75 5 
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could M. HELLANT have expoſed | himſelf to the open ai wit 
Nn The analogy of all we know of cold cel es 1 
enter 5 and though the power of animals and veget N ö bles to 
nhſt ange of l has been found much . Na 


ys theſe ao 3 ſeem to have never 0 t 
M. HELLANT. Even the unexpected deſcent of bis thermoime- 
ter on being expoſed to heat, ſtrange and inexplicable as it muſt 
have appeared, and contradictory to all the notions he enter- 
tained, did not ſuggeſt to him a doubt of the inſtrument 8 
marking the real temperature of the air. But we now now 
that it ceaſed to do ſo after the cold had increaſed. a few degrees 
below — 39"; that all the unuſual phenomena turned upon the 
congelation of the quickſilver; and that the ſeverity 97 this 
ſeaſon, though greater than uſual in Lapland, did hot exceed 
that of common winters by any ſuch remarkable difference. ak 
The vacuumor hollow bubble, obſervedafter the :quickfi ver had 
fallen back into the ball, ſhews how very much it had contracted 


by the congelation. This bubble moved upon inclining the 
D d d 2 thermo- 
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5. M. ERICH LAXMANN,. & Pie f wer 

AAA 111.4 2218 Ann 11 ad 14 4 HI ie 91 <0 6c 

4 hen ry at Peteriburg, was reſident in 176 5 at Bar- 
| w TY avi; 


: N. a nd Tong % 16 E. 4 as miniſter to 


the German congregation of the Ws Trovince. 'On the 
firſt day of that year, he ſaw the thermometer down ſo low a as 
— 58+; . whence it 18 probable, that ſome part at leaſt of the 
quickfilver was congealed. As f no concomitant circumſtances 
are recorded with this fact, it would ſcarcely have been worth 
mentioning, were it not to introduce an account of ſome in- 
ſtruments, which became afterwards the ſubject of very curious 
obſervations. For M. LAXMANN, during his abode in this 
remote country, employed his leiſure in the conſtruction of ba- 


rometers and thermometers, an art in which he acquired great 


ſkill. Theſe he afterwards diſtributed, free of 8 to all 


* Voyage en Siberie, p. 84. and 93. 
+ LAXMANN's Sibiriſche Briefe, p. 97. | 
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| AI the plrridulltrs "Here"mhrioned ate Gert red fry A 
MAN dhe clan Leite; à ſcatee bock, beeanſe; "6h his 
return to Eorbpe, He bought up every c edþy he co fing, as they 
bad been pübfffheit without bis coufent i» Profeflor eren 
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8 6. The Wache uteladtg be the trace o ſear red di men. 
could not eſeape the pehettation of the" 
reigns in Peterſbürg. $66” after her ediert 0 be 
throne; ſhe ordered in erpbgition of the fame nature a5'that in 
which Profeffor GMELIN Hal "Been engaged! above 'thi irty years 
before. Ain't the Yentfetheit who utidertbok'this ſecond og 


q bfophical ſurvey of the Ruflian' Empite, was Dr. PETER | SIMON. 
AL. LAS, oh "of the moſt ern 


nent naturaliſts and tralful'ob- 
ſervers of the preferit age. 0 . be Journal'5f his travels i Th piib-. 
erman language,” ald comprehinds ; a 
rich ſtore of curibus and ufeful information. In genera] his 
winters' were not ſpent in the coldeſt parts of Aſia; - * f 
however, he refided at Krafnoyarſk lat. 56˙* N. long. 95 


and the laſt time, in 1772, had an opportunity of Sine 15 


the moſt remarkable inſtance of the congelation of en * 
natural cold that by yet known'to the world. 
„The winter,“ fays M. ALL As +, © fetin x early this year, | 
«and was felt in December with uncommon ſeverity. On the 
* 6th and 7th of that month happened the greateſt cold [ have 


* ever experienced i in Siberia; the air was calm at the time, 


* Sibiriſche Briefe, P- 29, 


t Reiſe durch verſchiedene Provinzen des Ruffiſchen Mesh, Theil. HI. p. 41 1; 
E a 
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N r main 
1 Going thei Gut-appegntd thraggh af, 1 
{4 hath ai ans, ſrogllithermometgridefty; onwhich the: deal 
2 W ent olle wer thangrtyg aan n the gch in the meraing-l 
teremerked that the quickſlver in it. ſunſ into the, hall, N. 
_ 4/ſame fall columns which became folid and. ſtuck faſt. in the 
1060 ei; By, the, temperature af rom t mach imanmcdy 
te into which 4 brought the thermometer, from athel gallery; of 
e my houſe, i theſe congealed columns imm ediately fel own; 
4 il 54 .but it was more than half. a minute before Den 
SSWante motiag put of the ball. I repeated this experiment fre 
«quently; andialways with ſimilar ſucceſs, ſometimes onga 
«ſometimes more threads of frozen quickſilyer n 
5 in che tube. When the ball of the thermometer, Asit hai 1 
« in the open air, was warmed by being touched with the fin · 
«+ gers, the quickſilyer roſe; and it could plainly be — that 
Ee che ſolid frozen columns ſtuck and reſiſted a good while, and 
deen t length puſhed up with a ſort of violence. In the 
e mean time I placed upon the gallery on the north ſide of my 
BY * houſe about a quarter of a pound of clean and dry quick - 
[| « ſilxer in an open bowl ; within an hour, IL found the edges 
14 1 « and ſurface of it frozen ſolid, and ſome minutes afterwards 
| the whole was , condenſed, by the natural cold, into a ſoſt 
| | 1 * maſs very much like tin. While the inner part was ſtill 
«fluid, the frozen ſurface exhibited a great variety of branched 
e jyrinkles; but in general it remained pretty {mooth in freez- 
ding, as did alſo a larger quantity of quickſilver which. I after- 
<<. wands ex poſed to the cold. The congealed mercury Was more 
£6 « flexible than lead; but upon being bent ſhort it was found 
e more brittle than tin, and when hammered out thin i it ſeemed 
6 ſomewhat granulated. If the hammer had not been per- 
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4/berrumibed; In eur warm room it thawed ow its ſurfues gra- 
« dually, by drops, like wax on the fire, and did hot melt all 
at onte. When the frozen maſs was broken to pieces in the 
a cold, the fragments adhered to one another, and to the bowl 
in Which they lay. Although the froſt ſeemed to abate a 
«little toward night, yet the congealed quickſilver remained 
«© unaltered, and the experiment with the thermometer could 
4 ſtill be rep 
| 4 tunity of making the ſame obſervations all day; but fome 
i hours after ſun - ſet a north-weſt wind ſprung up, which raiſed 
* the thermometer to OR when- — maſs of — 
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ated; On the 7th of December I had an oppor- 
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Before this enden of Dr. PALE Ass, no „bebe Su 
or handled quickſilver frozen by natural cold, ſo as to ſubmit 


the fact to the public with competent evidence; but the eir- 
cumſtances here related are ſo pointed and conſiſtent, that 
even thoſe who had doubted of M. Bxaun's experiments were 
now ſtaggered, and began to believe. Indeed, it was ſcarcely 
poſſible to ſuppoſe any miſtake, when Dr. yALLas had two 
whole days to repeat and vary the experiments at his leiſure. 


But beſides removing all doubts upon the congelation of quick- 
filver, theſe obſervations tended to ſhew, within certain limits, 
the degree of cold neceſſary for that effect. It was evident that 
the freezing point muſt be ſomewhere above 70”, becauſe the 
thermometers graduation reached only ſo low, and yet ſome: 
part of the mercury always congealed in the tube; and as the 
ſolid maſſes did not begin to melt till the thermometer roſe. 


to — 46", that ſeemed to be nearly the point at which 1 it paſſes 
from 
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dents fo — — Og ike — + 
abs was oceafioned- by this cryſtallization ʒ in-;canſequeue: 


| 8 compared his frozen quick luer to tis, 


kuther than to bright, ſilber, the appearance — wed 
F hen ebngealed in ſmoctii glaſ s. % f % 
** Anoetter e f quickſilver, . oy ortant to 


occaſion at Kraſnoyarſk; I mean its 8 to > adheſion in 
free ing. I hus, Dr. ALL AS ſays the fragments of the con- 
W maſs ſtuck to one another, and to the . Which 
* 4 * they 


nake ple; fri — CC xcalin in wide open veſſels 
. frozen in 4 narrow be; Now, {ince-quick- 
ilvet, Dine retains. the 
ſmooth Sits, 4 it is no wonder thee ſuch — — — 
been made relative to the beight of the thermometer, both in in 
experiments with artificial cold, and in meteorologi 1 
tions. At the ſame time it muſt be confeſſed, that lachs aten- 
deney to adhere, in a metal which contracts ſo much in becoming 
ſolid, is not a little difficult to explain, unleſs we =_y r 
it to be the immediate effect of the ion. 
Quickſilper, with all its — of a perfect metal 
ſeems from Dr. FALLAS's, and indeed maſt of the ex ET; 
not to be completely malleable, but rather apt to break under 
the hammer. Perhaps. i it has never been ſufficiently, cooled to 
\poſſls its atallic properties in perfection; for with reſpect to 
its melting point it may be. conſidered as having always been 
hot, that is, heated near to fuſion, a ſtate in which other 
metals undergo a very ſenſible change in their properties, But ; 
when mercury congeals in veſſels which confine its ſurface, it x 
ſeems to become more n than under a looſe L 
Dr. PALLAS's Sas laſted from the year 1768 to 1773, 
ch =. which time this of the beginning. of Droid, FL 725 
Tl Vor. LXXIII. 1 = 
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: quickfilver was found frozen in the barometer and thermo- 
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A eds 36e — "68 Kraſneyurſk it 


tf Irkütſk, the capital of + Sibetian Provinee on 
Re wirft Baikal Lake," and "fitual ed in lat. 52% N. and about the 
104th degree of E. longitude. At the former of theſe places, the 
Der VAVLAS epan ts abate on the 5th of De- 
evening; and more than's day after, tat ia on the 
eame nene | — s to gens 
tenänt general you! — Steines p | 


Dr: rA. in his Jourhaf s, aud M. 'VEORG1,” one of dead 


ciates inn this: expe 


dition, aſtetwards co ted: forte further par 
at about four in tke morning; che 


ter; its upper furface being irregubarly broken. Ir Ahe for- 
er of cheſe inſtruments the mercury ſtood at 28 inches? lines 
and . broken dppoarivies Wn through a ſpace' of n 
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don id ndetgoes in, freezing. its greater Apeciic grayity 10 the, 
congealed Kate 2mniking-ut;ftand p NADLY.. „ 
thermometer, part of the: mercury had Auel at A4 e; and, 
immediately under iT; 599, an empty; ſpace; was left, equal ta 11 
degrees: of; the ſcale. This obſervation, therefore, $a rem 
nl patents — 0m ee of the ack fil 
ungealed — ſunk b elo hin points: «pd. ronfquently — 
fore the cold exceeded this degree. And that the mercuyy; Wal! 
really frozen became evident, afterwards; for about eleven in 
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in ll wear tuo hours had elagſed. 54430 291g8h 41 þ01 
The accuracy of this thermometer Lek app g 
is preciſion. with reſpect to the point of congelationg, would. bs 
med, that bo oth Ka 
M. LAXMANN during his relidence —— 2 90s z 
mentieus them as being in the, pofoſſion of; Dr. WAGHSMANNsj 
the public, phyſician. of Irkutſk, by whom. probably. the, oblgsr, 
ations were:communicated to the governor... 195-44: t audit 
roco bas tongue ily tft 4108 rel eM a ubiiwur 
8, As the cold. of America, is well known tou exaccd. that, 
which -prevails under the fame. latitudes in Eurgpg, We muſt, 
expect ta find guickſilvex free: {pontar ane ully. in parts. of that. 
continent which do not lie very far to the northward. Ac- 
oordingly, beſides the inſtance « of . Que EC former 2 . 
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cold of Hudſou's Bay, during ſeries ofideveral years; went 


ſerves to be noticed t andꝭ as it ſeems to be ſeldom greater ĩm 
iſited by ELIN HAS, the 


Siberia, at leaſt in the parts 11 
dieQs - berg not more violent, '/pethaps-xwd-age:authorifed to | 
conclude, that the extreme of artificial cold, ::prodiiceds hi 
reſponds pretty m 
; ral cold in the noſ \rigotons- clunates which can - 


an erties abt fatitib - Som Hh 


confirms what he mentions in the remarks on his: thied: experts 
ment, that in the coldeſt weather the wind is to the ſan 
W. which muſt evidently depend on ſome local cineumſtante: 
of that country. During my on roſidence in America, P 
thought [could diſtinctiy pereeive that the coldeſt-winids, vul- 
garly called 7orth-evefters, did not blow exactly from that air 
ex 5 burr Rhode Iſland, for inſtance, came from NuWirbyn = 
W. or a point ſtill more to the weſtward; at New Work were; 
rather nearer the Wi chan the N.; and at Philadelphia almoſt: 
due N. W. On traeing lines in theſe directions from Albany 
Fort, Rhode Iſlaud, and Philadelphia, they: are: found to mect. 
among the great ridges of mountains which ſeparate : Huge 25 
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© Jnid; when prefect by the fingers, immegiateſ aſterwards 
+ reſirned the confillenet of pap. With :the;;thermometer es; 
* = 29, the:quickblyer En cold Was never leſs: 
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a t manner, moſt of the. properties. hi cherto diſeo- 
in quickſilver, hen it paſſes from a fluid to a ſolid for 

gra er Witepoiſl, is ſituated in lat. 64*N.and long · 36 


r from one of the many, uſeful projects which occupied the 


addiow mind of Czar vx TER the Great, | He propoſed to cut a 


canal from the river Vytegra which diſcharges itſelf into the 
Lake Onega,/ to the river Lor ſha whieh joins the Beloſero, or 


White Lake, in order to form a commbmication between thols 
2 ul 55 two 
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wo; Baer bakeg eb waer. but the; ngavie wifes. 
nately interrupted by his death v. — bes A. N N * 
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68 FIG The laſt inftance'T have derm Able to find of ** 
ot of quickſilver by natural cold, occurred no longer ago 
han the beginning of: the year 1792, in lemtland, one of che 
tortherty provinces of Sweden. M. -JOHN + TORNST BN," Engi⸗ 
neer=extfaordinary,) is the gentleman to whom welare indebted 
for this obſervation. His letter on the ſubject, dated from 
Brunflo in Iemtland, lat. 63˙¹ N. and long 15 E, is- inſerted 
u the \Swediſh Tranſa&ions for 1782 by! en with ſome 
ee it by Profeſſor WIL E in ao 
4/66) During t twelve years, ſays M. rönmerön, that 1 hate 
« « reſided here in Iemtland, the cold had never but once brought 
0 the thermometer ſorlow as 367, till the laſt day of 'Decem - 
ber, 1781, when it fell in the evening to 54. The foks 
oe ping new. year's day it was funk to 56% at eight in the 
morning, and by ten to — 62. Here 1 it continued ſtationary 
«ſeveral hours, but at half paſt four i in the afternoon it was 
v obſerved at — 1 1655 and by eight the ſame evening it hac 
7 riſen to 31% Although . the, quickſlver, continues M. 
rönnsrEu, « thus fell | to, 11 62.0n the firſt of January in 
© the afternoon, I am e of opinion that its deſcent ought not to 
« be aſeribed to a proportionable increaſe of cold, but on the 
L contrary proceeded from the ſudden” change to milder wea- 
ether, which came on that afternoon. For the preceding 
« evening, When the 3 was ſtanding! at — 34% 
4 remarked, chat, upon bringing it into a warm room, the 
„ guickfilyer fell on ſa ſudden” entirely into the hall pbk was: 


& 4 ; 4 N 


* Biſching's "Erdbeſthrebuby, Theil I. pi. 669. f 1 CL — 
Kongl. Veteaſk. Acad. Nya Handlingar, tom. III. p. Bo. SLAMX 10 2 
Ver. LXXIII. Fff * about 
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«« about 130 degrees below o. This experiment I repeated 
« yeral times with ſucceſs, but obſerved the following diff 
« ence, that if T had not kept the thermometer in the heat le 
enough for the quickſilver to begin to riſe again after it | 
« ſunk into the ball, it never afcended above the 1 zotli deg 
« by continuing in the cold, but upon being cartied back f 
« the warm room it contracted fill more in the bill by a qu 
«tity which, however viſible, cbuld not be meaſured. ©" 
« the othet hand, if the inſtrument had been kept in the ro 
ll the mercury had riſen above 54, it becume ſtation 
«at that degree in the open air. Now, though 1 did not, 
« the 1|t of a bring the chermometer within doors 
fore it Bad funk of itſelf to = 116% yet this fall likey 
4 ſeems to have been occafioned by the change to milder v 
«ther which was then taking place: For at eight in the ev 
ing. when the extetnal cold was at 315, 1 found that h 
«froſt formed on the ball and ſtem of the thermometer as 
* bote, upon its being 'brought into a warm room; but 
mercury did not fink, on 'the N it t began. immedia 
to riſe.” 

„ Some quadrupeds periſhed by the intenſe cold, "ma ag 
number of fmall birds were found dead. Nevertheleſs, 
«people did not neglect going to church on this high holic 
* and 1 have not heard that any one was en hätten ww" v 
% out with proper cloathing.” 

M. T0rNSTEN certainly judged FR when he 'conchu 
that the fall of the thermometer to = 116* rather indicate 
diminution than an increaſe of the cold. Though he K 
nothing of the cauſe, yet his obſervation led him to a joſt 
ference, in which he diſplayed more ſagacity than M. HELL 
on aſimilar occaſion. All the phænomena which ſo much perpli 

1 


Congel. 2 "—_—_ "IO 393 
theſe gentlemen are explicable i in the followin g manner. „When 
the air becomes ſufficiently cold to freeze quickſilver, that me- 
tal muſt be ſtanding about - 395, or, in the common way of 
marking the boiling point, ſome where between 40 and 
— 50?, in the tube of a thermometer expoſed to it. As the 
ſmall thread of mercury in the tube muſt be more eaſily affected 
by the cold, it will probably congeal before any other part, and 
ſtick faſt about the abovementioned degrees. The remainder 
of the mercury will then 80 on to freeze, and as it ſuffers ſuch 


racuity in the. bulb of any common thermometer. wr Conſe 
quently, when the cold, from whatever cauſe, comes to be leſs 
than is required. for keeping the metal in a ſolid ſtate, the ſmall | 


i Mess 


Ider wea- thread that Was frozen 3 in the tube immediately melts, and 
the even. inks down i into che vacuity of the bulb, where the whole maſs 
hat hoar- remains, . till by its gradual liquefaction it expands again into 


the tube, and becomes a juſt meaſure of the temperature. This 
grees exactly with what M. rönxsTRN obſerved. In the even» 
ing of the 3 [ft the quickfilver congealed in his thermometer, 
and part of it ſtuck. in the tube at - 5, but ſubſided into the 
Wem left in the bulb, as ſoon as it was expoſed to heat. 
inſtrument had been kept in the warm room till the 

Pichler re aſcended i into the tube, it froze and adhered 1 
in the open air, and t the ſame phænomena were repeated. If 
M. TORN$TEN be « exact in ſaying it always became faſt at — $4? a 
the circumſtance i is curious, and may have depended. upon ſome 
particular ſtate of the tube in that part, or upon the felt ſhogt- 
ing of the mercury after it had been cooled to a certain degree 
below its freezing- point. But when the thermometer Was car- 
ried back into the open air before any of the quickfilyer had 
iſen out of the bulb, the effect of the cold could not be to 
F #-#-3 force 
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force it up into the tube, and therefore no lch appearances 
wert © hy PT caſe. With fegardt to M. rökx- 
EMH TeifHlark, that When the while miaſs of quickſilver' re- 
maned iH thi BUY it Att contracted upon "the application of 
heat, the fact 18 {6 improbable, and would be perceived with 
ſick "difficulty, that 1 have no doubt but he was mifled by ſotte 
prepofieſfion”" Th like manner on the iſt of January, when 
the thermometer, having been ſtationary ſome hours at — 62", 
ſunk in the afternoon. to — 1169, it happened unqueſtionably 
from the melting and fubſiding of a thread of frozen mercury, 
which had adhered in the tube of the inſtrument as high as 
the former degree. None of theſe effects could be produced 
when the thermometer had riſen to - 31, becauſe the cold was 
not then ſufficient to congeal the quickſilver. In this eaſy and 
fimple manner, does our knowledge of the freezing point of 
mercury enable us to account for phænomena, which were 
thought ſo anomalous as to elude every kind of explanation. 
Even ſo lately as laſt year, one of the moſt eminent philofo 
phers in Europe, Profeſſor wiLcxE of Stockholm, made a vain 
attempt to folve the difficulties by a ſtrained application of his 
doctrine relative to the various ſpecific quantities of heat i in bo 
dies, and their different attractions for the matter of heat *. 

It would now be ſuperfluous to add, that the real cold a 
Brunflo-was by no means what the thermometer ſeemed to in 
dicate, but probably very little exceeded - 39®, or the degree o 
mercurial congelation, had not M. TORNsTEN's obſervation 
been lately repreſented, even in this country, as exhibiting al 


inſtance of cold actually carried to ſuch a diſproportionate an 
enormous exceſs, 


* Ibid. 
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Thus 18 hy hiſtory of os congelation of qlckbives, both 
by natural and artificial cold, brought down to the preſent pe- 
riod. All the facts 1 have collected are here delivered: it 1s 
not improbable, however, that there may be others which have 
eſcaped me, - eſpecially ſuch as are very recent, or have never 
been e ; but the number r found is greater 


than 


* Accordingly; having gone to Paris after this paper was read, and here men- 
tioned, at a meeting of the Academy of Sciences, our late experiments on the 
congelation of quickfilver, I was informed, that M. CAZALET -had-fucceeded in 
rendering it ſolid at Bourdeaux; and ſoon afterwards the followin g account of his 
experiment came out in the Paris Journal, which, for obvious reaſons, I ſhall give 
in the original French. 1 1 

% M. cavzxolsz, de la Societe Royale de Londres, a fait Ane le mois de 
« Feyrier dernier, Ve experience de la congelation du mercure, 3 Hampffead, fituẽ I 


6 deux milles de Londres. Ce Savant eſt ſur le point de publier fon mẽmoire a Þ 


« ce ſujet. Loe travail du chymiſte Anglois ayant ete annonce A Academie 
* Royale des Sciences, dans une de ſes ſeances,. ſon Directeur, MI. CADET DE. 


| 6 GASSICOURT,. a revendiqut en faveur de M. CAzALET, la congelation du mer- 


1 


cure dans un climat beaucoup plus Wan que * ie e Frangois 


| & Payant obtenue à Bordeaux,  . « « 284950 


M. cz ALERT, regardant Pacide nitreux concentre comme, de tous les ſels, 


4 celui qui produit la diſſol ution de la glace avec plus de facilite, annonga en 1779, 


« dans une de ſes legons publiques A Bordeaux, qu'il croyoit a la poſſibilite de la 
1 congelation du mercure, par ce moyen, dans les Provinces meridionales memes ; 
% mais il n'eut occaſion. de faire ſon ente qu'au mois de Septembre de 


* 


% Pannee dernière. 


II prit de la glace pilèe, paſſtea travers un crible, la mit dans un baril dont 
* le fond ẽtoit un plat de porcelaine perce de plufieurs trous pour faciliter Fecoule- 
* ment de la glace fondue ; il plaga pluſieurs tubes remplis de mercure au centre 


* de la glace, qu'on arroſa d' eſprit de nitre fumant fait par le proceeds de WOULFE.. 


On rapprochoit la glace des tubes à meſure que la diffolution sen operoit'; il 
* fallut 120 livres de glace pour produire la congelation du mercure. Les tubes: 


* retires et caſſes les uns apres les autres, le mercure ſe trouva en filets comme: 
de 


admit. 
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iffer ent obſer yations and. experiments in any one 


of difcriminating what is certain from what is doubtful, and 
acquire as diſtin ideas as the actual Nate of knowledge will 


On the preſent ſubject of mercurial congelation, the 
8 have in general been noticed, as the premiſes oc- 


curred. Though Mr. nurchixs's experiments did not ſtand in 
need of any confirmation, yet ſtill it is pleaſant to ſee their princi- 


pal reſult, the freezing point of quickſilver, eſtabliſhed by ſuch a 
body of collateral evidence as, taken together, i 18 abſolutely 1 irre- 


ſiſtible. But beſides the information obtained relative to quick- 
ſilver itſelf, we have been able to correct ſeveral vulgar Preju- 
dices. The difference between cold climates no longer appears 
3 prodigious, nor the reſiſting powers of animals and vegeta- 
bles ſo aſtoniſhing and inconceivable. That extenſive ſcale of 
heat, which repreſents its diminutions by artificial means as 


continued down ſo many hundreds of degrees below the greateſt 


produced by nature, however {| pecious in proſpect, proves to | 
be deſtitute of foundation. The uſe of quickſilver for ther- 


mometers is at length fully aſcertained. From the boiling point, 


to 39* or 40* below o, it muſt be conſidered as unexceptiona- 
ble, al ſuſpicion of its irregular contraction within thoſe 


E 


de argent. Bientot la chaleur de Vatmoſphere lui rendit fa Aujdits. Cette 


experience intereſſante a le double merite d avoir its devinte par un chymi ite Fran- 
4 gois, et extcutte par un autre; 11 a ſupplit a a ce que le climat oppoſo;t 4 obſtacles, 


un moyen tout-a-fait ingenienx, et qui exigeoit des conno Hances en Phſig ue. See 
Journal de Paris, 15 Juill. 1783, p. $14. 

The peculiarity of M. cazarEr's proceſs conſiſts in the largeneſs of the quan- 
tities on which he operated, and the proviſion he made for the uſeleſs liquor, pro- 
duced by the melted ice, to run of as faſt as it was formed, He certainly con- 


gealed the mercury, but did nothing to aſcertain its freezing point, which he 


ſeems not even to have had in contemplation, | 
"Rn bounds 


than, ] expedicd on beginning the ſearch. By ſuch, a connected 


view, gf. the d 
brangh, of. ſcience, we are. furniſhed with the beſt opportunity | 


h 
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bounds being removed, by ſuch a complete explanation of 'the 
cauſe upon which its anomalous deſcent in the lower patt of 
the ſcale depends. On this principle there might, perhaps, be 
ſome propriety, in coniſtructing thermometers of mercury,” to 
fix the cypher at its point of =o noms _ Fare wecken 
the degrees of heat upwards. 5 
The principal advantage, however, at Ws peng in re- 
view all former accounts, is to furniſh an important leſſon to 
authors, which can never be too ſtrongly inculcated, that their 
accuracy muſt be brought to the teſt of future diſcoveries. As 
knowledge advances, their errors, their miſrepreſentations, 
their ſuppreſſion of the truth, or fictitious additions to it, ſhall 
all be infallibly detected, and heap upon their head propor- 
tionable ignominy; while the ſimple and candid narrative, the 
exact and unbiaſſed relation of facts, will acquire redoubled 
luſtre from the fiery trial. Let every, author recolle&, that 
the day is impending, when ſome unforeſeen improvement, 
affording means to ſift falſehood from truth, however arkfully 
blended, ſhall finally decide whether he is to be reprobated with 
the bats herd of deceivers, or ranked among thoſe faithful vo- 
taries of ſcience, whole names will be delivered down with 
honour to poſterity. . 
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| 2 Non, and alſo on the ſeeming Converſion of . Water into air, 
though I have by no means done all that I have in view with 


ficiently aſcertained, though I do not preſume to give any opt- 
nion with T to the theory of them. 5 N 
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I 1 the perſuaſion of my friends, I * you would lay 
before the Royal Society my late obſervations on Phlo- 


reſpe& to theſe ſubjects. The principal act are, 11 think, ſuf- 


1 am, with the greateſt rel us &c. 


Birmingham, April 21, x78 $ - 
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THERE are few ſobjects, * none, chat have occa- 
foned, more perplexity to chemiſts than that of pblagiſton, or, 
as it is ſometimes called, he principle of inflammability. It 
was the great diſcovery of sr AH, that this principle, what- 
ever it be, 1s transferrable from one ſubſtance to another, how 
different ſoever in their other properties, 1 ſuch as ſulphur, wood, 
and all the metals, and therefore i is the ſame thing in them all. 
But what has given an air of myſtery to this ſubject, has been 
that it was imagined, that this principle, or ſubſtance, could 
not be exhibited except in combination with other ſubſtances, 
and could not be made to aſſume ſeparately either a fluid or 
ſolid form. It was alſo aſſerted by ſome, that phlogiſton was 
fo far from adding to the weight of bodies, that the addition of 
it made them really lighter than they were before; on which 
account they choſe to call 1t the * f levity. This opi- 
nion had great patrons. 

Of late it has been the opinion of many celebrated ORR” 
Mr. LAVOISIER among others, that the whole doctrine of phlo- 
riſton had been founded on miſtake, and that in all caſes in 
which it was thought that bodies parted with the principle of 
phlogiſton, they in fact loſt nothing, but on the contrary, ac- 
quired ſomething ; and in moſt cafes an addition of ſome kind 
of air; that a metal, for inſtance, was not a combination 
of two things, v/z. an earth and phlogiſton, but was probably 
a fimple ſubſtance in its metallic ſtate; and that the calx is 
produced not by the loſs of phlogiſton, or of any m_ elſe, 
but by the acquiſition of air. 
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flint glaſs, ſurrounded with inflammable air, or rather 
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fiments 100 banks my own as Well as ” thoſe df others, 


J did not, however, 'accede to it till I dilcoretel it by direct 
experiments, made with general and indeterminate views, in 
order to aſcertain ſomething concerning 4 ſubje&t which had 
given myſelf and others ſo much trouble. 

I began with repeating the experiments in which 1 had found 
that inffammable air, made red-hot in flint glafs tubes, gave 
them à black tinge, and was in a great meaſure abſorbed, 


which I had diſcovered to be owing to the calx of lead i in the 
glaſs attracking Phlogiſton from the inflammable air. As the 
quantity of air in theſe tubes was very ſmall, thougli T gave it 


as my opinion, that the reſiduum in one of the proceſſes was 


phlogiſtitated air, becauſe I perceived no marks of aſcenſion « on 


preſenting to it the flame of a ſmall candle; I was not, on 
recollection, ſatistied with this concluſion, and was deſirous of 


| repeating the experiment with more care, eſpecially a8, in one 
of the above-mentioned experiments, 1 found only a very 
ſmall bubble of the inflammable 3 air in the tube 1 in which it had 


been heated. | 1 „Do 

I found, however, great difficulties in eig theſe expe- 
riments; and the quantity of inflammable air operated upon 
in them is neceffarily fo ſmall, that the reſult is always liable 
to much uncertainty. I thought, therefore, that throwing 
the focus of a burning lens upon a quantity of pounded 


on 
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bega apych, « a riment, and might. 8. e "earn e 
c ͤ experieagnt .ummogiatgl apr 
1 eee my ex eQation. EET Ie Oe F HER 
Fon thig., purpolc & I, put upon a piece of a broken crucible 
(which could yield no air) à quantity of minium, out of which 
all air had been extracted; and placing it upon a convenient 
ſtand, introduced it into a large receiyer, filled with inflamma- 
ble air, confined by water. As ſoon. as the minium was dry, 
by means of the heat thrown. upon it, I obſerved that it became 
black, and then ran in the form of perfect lead, at the ſame 
time that the air diminiſhed. at a great rate, the water aſcending 
within the receiver. I viewed this progeſs with; the moſt eager 
and. pleaſing expectation of the reſult, having at that time no 
fixed opinion on the ſubject; and therefore I could not tell, 
except by actual trial, whether the air was decompoſing i in the 
proceſs, ſo that ſome other kind of air would be left, or whe- 
ther it would be abſorbed. in toto. The former I thought the 
more probable, as if there was any ſuch thing as phlogiſton, 
inflammable air, I imagined, conſiſted of it, and ſomething 
elſe. However, I was then ſatisfied that it would be in my 
power to determine, in a very ſatisfactory manner, whether the 
phlogiſton in inflammable air had any baſe or not, and if it had, 
what that baſe was. For ſeeing the metal to be actually re- 
vived, and that in a conſiderable quantity, at the ſame time 
that the air was diminiſhed, I could not doubt but that the 
calx was actually imbibing ſomething from the air; and from 
its effects in making the calx into metal, it could be no other 
than that to which chemiſts had unanimouſly given the name 
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vo core room 10,0prrate without datige e recti ver; an 
_ exalnigingyzith mack/Wificty, the ai phat . I babe 
tliat it / huld not bediſtinguihed frorw/ that in Which 1 begab 
the vrpetimentſ which 3vas air extraged from irom by oil of 
vitriol. was therdfore pretty well ſatisfied that this inflam⸗ 
mable ar could not contain any ching befides phlogiſton ; for! 


at thar time 4; 5 | ny , hour 45 ner meaſures of wk air to 
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785 ky PARTY hs fore of: air; by: giving it a red Bertibehen 
mixed! with ſpirit of nitre; and immediately uſing it in the 
manner anentioned above, reduced 101 Hunce meaſures . 
inflamigable air to two. To judge of its degree of inſlamima- 
bility, I preſented the flame of a fall candle to the mouth of 

a phial filled with. it, and obſerved, that it made thirteen ſepa- 
rate exploſions,” though weak ones ( ſtopping the mouth of the 
phial with my finger after each exploſion), when f. <1 * made 
iuflammable air, in the ſame circumiſtances, mide: only: fours) 
teen exploſions, though ſtronger ones. 
_« Aﬀer this experiment Ficould not heſitate 66 lebe that 
this inflammable air went totally, and- without decornpoſition;: 
into the lead which I formed at that tine; and if the neceſſary 
circumſtances of the experiment be eonſidered, it will be thought 
extraordinary that, even admitting this, the reſult ſhould be ſo 
deciſively clear in favour of it: for, in the firſt- Place, the; 
greateſt care muſt be uſed to expe all air from the minium, 
3 and 


; a e be 
heated — — 4 e ahm alr as paſſi- 
le. In theſe circumſtabtes, had T'found the ſmall'reflduym, 
of 2 ounce meaſures ftom 101, to have been phlogiſticated er 
red air, I ſhould not have been diſappointed ; aud it would nat 
have prevented my concluding that phlag iſten was the ſame 
thing with flammable air, contained in a combined ſtate in 
metals, juſt as fixed air is contained in chalk and other ealea- 
 reous ſubſtances; both deing equally capable ol being expelled 
gain in the form of air. 
Afterwards uſing a ealx of lead, which had been prepared j in 
the ſame manner with the former, but which had remained 
ſome weeks expoſed to the air, I found, that when by uſing i it 
had reduced x 50 ounce meaſures of inflammable air to 10, 
this reſiduum was phlogiſticated air. But examining this calx . | 
ſeparately, I found that it gave, by heat in 2 glaſs . a 
conſiderable quantity of phlogiſtieated air. 
I muſt obſerve, that the minium ſhould not be ee! to a 
perfectly compact glaſs of lead; for then it would be too re- 
fractory to be eaſily revives by this proceſs. Making uſe of 
ſome of it, I found that I could only melt it; but that a ce- 
pious black fume came from it, and coated the inſide of the 
receiver : an experiment which I ſhall repeat and re· conſider. 
I muſt alſo obſerve, that the lead which I procured in the 
e-mentioned proceſs was not to be diſtinguiſhed from any 
other lead, and that the inflammable air was all weep from 
iron by oil of vitriol, 
When I made uſe of inflammable air from wood, 1 found, 
that though I was able to reduce minium with it, it was 
effected 


N 
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of this kind · f Han muble air I redoceũ to. 23 en bfound 
| cba tlie Beat of che \tens'produced-only! glaſ ' of leu; nd no 
1. - The? air was filly: howeverg inflammable; and there 
_— afrall mixture of fixed air in it. This kind: of 'nflam+ 
mable air, which burns-with a lambent flame, I have ſorne rea- 
ſon to think, conſiſts of an intimate union of fixed air with 
that which is of the explaſtve kind extracted from metals. The 
reſult of thoſe experiments which I made with that kind of 


inflammable air which is collected in the proceſs for making 


phoſphorus, and which burns with a lambent yellow flame, 


was fimilar to thoſe which I made with inflammable air from 
wood, which burns with a lambent white flame. 

Having had this remarkable reſult with inflammable air, I 
immediately tried all the other kinds of air in the ſame man- 
ner; but in none of them did 1 procure any thing from the 
minium beſides glaſs of lead, except in alkaline air, and vi- 
triolic acid air. In fixed air, nitrous air, Phlogiſticated air, 
marine acid air, fluor acid air, as alſo in common and dephlo- 
giſticated air, I got no metal at all. In vitriolic acid air there was 
but a ſmall quantity of lead produced, and I have obſerved 
that this kind of air imparts a certain portion of phlogiſton to 
common air, rendering it in ſome meaſure Phlogiſticated, 
though by no means in ſo great a degree as nitrous air. Though 
' nitrous air and phlogiſticated air certainly contain phlogiſton, 
they appear by theſe experiments to hold it too obſtinately to 
part with it to minium in this proceſs, though nitrous air quits 
it ſo readily to reſpirable air. I would obſerve, that there were 
ſome peculiar appearances in the experiments I made to revive 
the calx of lead in theſe kinds of air in which the attempt did 
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nat / ſunered e but i muſt repeat the experiments, and nta the 
appearinees/morc accurately, before l tepori them. D⏑ππẽje 5 
Halb alkaline air lead fetuns to be formed from the mitm as 
teadilyt as in inflammdble air, and indeed thought rather more 
ſo t and this is a femarkable conff mation and illuſtration of 
theſs experiments, in which, by taking the electric ſpark in a 
quantity of alkaline air, I converted it into three times as muck 
pure inflammable air; an experiment which, on account of 
the extraordinary nature of it, I have repeated many times 
ſince I firſt publiſhed the account of it, and mn 1m che 
ſame reſult. el 
This experiment alſo i fades lebe upon thoſei in wr et] 
by ſuper-phlogiſticating iron with nitrous air, I produced a 
ſtrong ſmell of volatile alkali ; an experiment which 1 have 
alſo frequently repeated with the ſame reſult. The reuiving 
of lead in alkaline air may alſo help us to conceive how-all 
acids ſhould have an affinity both to phlogs/ton and to alkabes, 
which have hitherto appeared to be things fo very different from 

each other; ſince, from theſe experiments, it is probable that 
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one of them is ſome modification of the other, or a combina- 5 


tion of ſomething elſe with the other. To trace the connec- 
tion between the alkaline and inflammable principles, is a-cu- 
nous ſubject ; and from theſe hints it may, perhaps, not be 
very difficult to proſecute. it to advantage. It is evident, how- 
erer, from the following experiments, that alkaline air is the 
compound and inflammable air, or R. „the more ſimple 
ſubſtance of the two. 

From 5 ounce meaſures of alkaline air J got, by means of 
r 17 grains of lead, beſides ſome that was diſſolved in 
the mercury, by which the air was confined. There remained 


2} ounce meaſures, which appeared to be phlogiſticated air, 
and 


156 — er ne ; latin , 
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meaſures of allaline air 1 


this time gave by heat only a good deal of pretty pute fixed 
air. Theſe experiments with alkaline air well deſerve to de 
reſumed, and I ſhall not fail to do it at a proper opportunity. 

HFlaving thus produced lead in inflammable air, I probeeils 
in my attempts to revive other metals from their calces: by the 


| ſani6-means; and I ſuederded very well with tin, biſmuth, and 


and regulus of cos 


flyer 1 tolerably well with copper, iron, and 
balt; but not at all with regulus of 2 A ars 
ſeuic, einc, or the metal of manganeſG. 
I was deſirous allo of aſcertaining by this means the: 0 
of phlogiſton that enters into the compoſition of the ſeveral 
metals; bat in this I found more difficulty than I had expected 
and this aroſe chiefly from the allowance that was to be ah 
for the inflammable air which entered into that part of the 
calx which was only partially revived; and it was not eaſy to 
revive the whole of any quantity of calx completely 
After many trials, I think I may venture to ſay, that an 
ounce of lad abſorbs 100 ounce meaſures of inflammable air; 
or perhaps ſomething more; for in one reſult it , to hive 
unbibed in the proportion of 108 ounce meaſures. - 
An ounce of iin abſorbs inflammable air in the EA f 
377 ounce meaſures to the ounce. An ounce of copper from 
verditer abſorbed 463 ounce meaſures; from a ſolution of blue 
vitriol, precipitated by ſalt of tartar, and afterwards made red- 
hot with ſpirit of nitre, 640; but from blue vitriol itfelf 909 
4 ounce 


ot 1g Frein of lend, bases what 

— mercury, which ſermed to be «good. ta 
in proportion to it. It was obſervable, that tliere remamed in 
this proceſs 31 ounce meaſures of phlogiſticated without any 
mixture of fined air in it, though the maſſicot which I uſed it % 


ani the: mind — of Water into Ain. A 497; 
dunce N In this caſe, however, much, of, the, inflam · 
mablle air went to the formation of the vitriolic acid air, the 
ſmell of of which Was very perceivable 1 in the courſe af the ex- 
periment,-.. The copper that I made in this way was brittle, and 
therefore ſeemed not to be perfectly metalized; but being fuzed 
ath borax it became perfect copper, and, as 1 think, 5: without | 
my loſs of weighßt. . 
Biſmuth abſorbed uiflemmable:; air in the nee of 18 c 
ounce-meaſures to the ounce. The calx I uſed was a precipi- 
tate from the ſolution of this metal in ſpirit of nitre- 
Iron I. got from a precipitate of a ſolution of green vitriol by E 
alt of ; tartar, moiſtened with ſpirit of nitre, and expoſed. to a 
red heat. This calx abſorbed i in the proportion of 890 ounce 
neaſures of the inflammable air to an ounce of iron, which 
vas in the form of a black powder; but to all appearance as 
nuch attracted by the magnet as iron filings. But it could not 
be expected, that perfect iron, containing its full proportion ot 
phlogiſton, ſhould be produced in this manner, fince>inflam- 
nable air may be expelled from perfect iron in this very 
proceſs. 8 | | 41 . 

Silver 1 evidently revived from a | Goldin of it in ſpirit of 
litre precipitated by falt of tartar, and alſo from luna cornea. 
A quantity of this laſt ſubſtance abſorbed 23 ounce meaſures of 
aflammable air; but I could not get any calx of filver free 
om ſmall grains of the perfect metal, which was eaſily diſco- 
rered by a magnifier, and therefore I could not aſcertain the 
quantity of inflammable air abſorbed by it. 
Small grains of regulus cobalt I produced from zaffre, and 
nflammable air was abſorbed ; but I did. not cftimate the 
quantity. . e 
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flammable air; but 1 could not perceive any thing in it which 
had the appearance of metal. But I imagined Ehad not hear 
enough for the purpoſe, and mixing with it ſome woes 2 
rax; 1 repeated the experiment, When there was again an 
dent abſorbtion of air, and in the courſe of that experiment, ws 
once thought that ] did perceive a ſmall globule of metal. 

Zinc and arſenic were only ſublimed in this proceſs. The 
fame was the caſe with the glaſs of antimony; but the experi- 
ment was attended with this peculiar ciccumſtance, that hen 
the glaſs was melted in wflammable air it formed itſelf into 
needle - like cryſtals arranged im a very curious manner, "though 
I could not produce this eee in other kinds of air. 

Inflammable air being clearly imbibed by the calces of me- 
tais, and thereby revwing them, is a fufficient proof of its 
containing what has been called phlogiſton; and its being ab- 
forbed by them in toto, without decompoſition, is a proof of its 
being nothing beſides phlogiſtun in the form of air, unleſs there 
ſhould be ſomething ſolid depofited from it at the fame time 
that the proper phlogiſtic part of it was abſorbed. With re- 
tpet to this, I can only tay that, in the courſe of the experi- 
ments, I did not perceive any thing of the Kind: for though 
in ſome of the proceſſes there was a black ſmoke produced, in 
others I could perceive nothing but part of the calx ſublumany, 
and clouding the glaſs. On this account, horever, I could 
not pretend to aſcertain the weight of the inflammable air in ? 
the calx, fo as to prove that it had acquired an additzam of pr 
weight by being metallized, which 1 often attempted. But 1 
were it poſſible to procure a perfect calx, no part of which 
ſhould be fublimed and diſperſed, by the heat neceſſarily to be 
made uſe of in the proceſs, I ſhould not  davhs but that the bl: 

quantity 


agp ene. air nbibed. by it would ly 
youre weight. 

Beſides the n. a FE fines r Po nng I had 
other proofs; and of a; nature ſufficiently curious, of inflam- 
nable air containing phlogiſton, though perhaps not ſufficiently 
ene luſive with reſpect to its being wholly and ſimply phlogiſton 
tſelf. Thus, by means of it, I was able to make phoſphorus, 
wirous air; liver. of ſulphur, and ſalphur itſelf, in all of which 
rhlogiſton- is acknowledged. to be a principal ingredient. 
- Throwing the focus of the lens upon a quantity of that 
glafſy matter which is made from calcined bones by oil of vitriol 
in inflammable air, ſome of it was abſorbed, and all the inſide 
of the receiver was covered with an orange-coloured ſubſtance, 
which had a ſtrong ſmell of phoſphorus. I then wanted ſun-ſhine 
to continue the experiment; but I was ſatisfied that there was 
ſufficient proof of phoſphorus being actually formed in this 
manner. With alkaline air I ſucceeded much better. 
In 24 ounce meaſures of this air I produced, from the glaſſy 
matter mentioned above, 2 grains of phoſphorus in one mats, 
the veſſel being only filled with white fumes during the pro- 
ceſs. One- fourth of the bulk of the air remained, and this. 


t 
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Ike _— which is — in the proceſs for making phoſ- 
phorus. 

That nitrous air contains phlogiſton is ſufficiently evident, 
if there be any ſuch thing as phlogiſton : and I have farther 
proved; that it contains as much phlogiſton, in proportion to 
its bulk, as inflammable air itſelf. I have now, however, the 
farther ſatisfaction to be able to make nitrous air from its 
two eonſtituent principles, uiz. nitrous vapour and inflamma- 
ble air. The moſt eaſy proceſs for this purpoſe is, to throw a 

Hhhz ſtream 
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was inflammable, burning with a yellow lambent flame, exactly + 


with inffammable air! In this manner nitrous air is inſtantly 


the ſame thing in the following manner... 


of the inflammable air, which amounted to abaut two-thirds 
of the whole, and during this time lead was revived from the 
calx. | After this there was no more diminution of the air, or 


of this nitrous air, I mixed it with an equal quantity of com- 
mon air, and found that they occupied the ſpace of 1, 32 mea- 
| ſures. Freſh nitrous air, made in the uſual way, and mixed 
with common air in the fame proportion, occupied the ſpace of 


to be perfect well formed. 
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ſtreun vf nitrous vapour into a large phial previouſly killed 5 * 
410 
formed; and in great quantities; but as this nit rous vapour is I vel 
produted by, the rapid ſolution of biſmuth in ſpitit of nitre, I Bai 
which at the ſame time produces a quantity of nitrous air, the ¶ ei 
experiment is not quite unexceptionable. 5 Die 


* 


Taking a quantity of what 1 have called x nitrated calr of | 
lead, which I firſt produced by uniting nitrous vapour to mi- pre 
nium (in conſequence of which, from being a red and -pow- ||| ſul 


dery ſubſtance, it became white, compact, and brittle), I placed 
it upon a ſtand, in a receiver filled with inflammable air, and 


throwing the focus of the lens upon it, there was a diminution 


revival of the calx: and then examining what remained of 
the air, I found it to be all ſtrongly nitrous: and, from the cir- 
cumſtances in which it was produced, it muſt have been formed 
from the nitrous vapour contained in the calx, and the in- 
flammable air in the receiver. In order to aſcertain the purity 


1,26. This difference aroſe not from any impurity in the ni- 
trous air, but from the mixture of the on air, 
which is alſo expelled from this calx by hear. 

Liver of ſulphur was procured by throwing the focus of ths 
lens upon ivitriolated tartar in inflammable air, and ĩt _ 


Laſtly, » 
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12 Laſſlys te produce ſulplur, 1 chrew the focus of: the lens on 
a:quantity of oil of vitriol, contained in an hollow, ;carthen 
velle}, and. evaporated 1 it tu dryneſs. in a receiver filled with in- 
flammable air, in conſequence, .of which the inſide of the re- 
ceiver acquired a whitiſh incruſtation,- which when warmed 
had a ſtrong {mell of ſulphur ; and repeating the proceſs in the 
ſame receiver, I was able, this ſecond time, to ſcrape off 
enough af the matter to put on a piece of hot 3 iron, and to 
0 the genuine blue fame, as well as the e ſmell of 
1fhall bed theſe Pr wie on n with two 
articles; ; one of which ſeems to contradict an eſtabliſhed maxim 
among chemiſts; and the other a former opinion of my own. 
It is generally ſaid, that charcoal is indeſtructible, except by 
a red heat i in contact with air. But I find that it is perfectly 
deſtructible, or decompoſed, in vacuo, and by the heat of a 
burning lens almoſt wholly converted. into inflammable air ; ſo 
that nothing remains beſides an exceedingly ſmall quantity of 
white aſhes, which are ſeldom viſible, except when, in very 
ſmall particles, they happen to croſs the ſun-beam, as they fly 
about within the receiver. It would be impoſſible to collect or 
weigh them; but, according to appearance, the aſhes thus pro- 
¶duced from many pounds of wood could not be ſuppoſed to 
weigh a grain. The great weight of aſhes produced by burn- 
ing wood in the open air ariſes from what is attracted by them 
from the air. The air which I get in this manner is wholly 
inflammable, without the leaſt particle of fixed air in it. But, in 
order to this, the charcoal muſt be perfectly well made, or with 
ſuch a heat as would expel all the fixed air which the wood 
contains; and it muſt be continued till it yield inflammable air 


only, which, in an earthen retort, is ſoon. produced. 
2 Wood, 


firing | ſome ſhavings of iron in dephlogiſticated air confined by 
mercury, by means of a burning lens. Iu this way T'quickly 
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bod, br Charcbal,“ perfetly deſtructitle, that is, 
cefolvath@ into Fate 2 1 i were Warehertk fetetes and 
a fire that wdutd aböüt melt ifo 
after all the — air "Had! come over, x have —— 


Wadde air has been 1 — Sly And wühowt: n appearance 
of a termination. Nor did 1 wonder at this, after ſeeing it 
wholly Vaniſh into iflatartiable air in varus. | A quantity of 
charcoal made from oak, and weighing about an ounce; gene- I 
rally gave me about five ounce meaſures. of inflammable arm 


twelve minutes. r 20. 15 
The feconid Ade that 1 ſhall now mmentioh” affords. an in- 


diſputable proof of the generation of fixed air from dephlo- 


giſticated air and phlogiſton, or inflammable air. J have ſeve- 


ral times given it as my opinion, that fixed air is a Factitious 
ſubſtance, and a modification of the nitrous and vitriolie acids, 


my former experiments greatly favouring that concluſion ; but 


that it was compoſed of dephlogiſticated air and phlogiſton, 
though maintained by my friend Mr. KIR WAN, I was far from 


being ſatisfied with, till T was forced to conſent to his proof of 


it from my own former experiments, and gave him leave to 


mention it, as he has done in his late excellent paper on ſalts. 


But I have lately had two direct proofs of it by experiment. 
| The firſt was when, in repeating a beautiful experiment firſt 


made by Dr. 1N68Nx-Hovsz, but with ſome variation, I was 


fired the iron, and it burned away in a very pleaſing manner. 
But what ſtruck me moſt was, that, of the air that remained, 
a conſiderable portion was fixed air, though 1 in the receiver I had 
nothing but the pureſt dephlogiſticated air, Rs with the 


3 iron, 
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that the died: iron; formed. ſelf ipto large, balls, 185 ch, ap- 
peared to bea mere. ſag or glaſs, an was no longer 1 „ 

After wards, to put this hypotheſis. concerning the confli- 
tuent prineiples of [fixed air 49 a. mare direct proof, J mixed 
iron filiags, which gave only inflammable air, with red preci- 
pitate, Whieh I found to give nothing. but the pureſt dephlo- | 
giſticated; and when. 1 heated them f Ii a coated glaſs retort, 
they gave a great quantity of fixed air, in ſome portions of 
| which ninetgen-twentieths, were abſorbed by lime-water ; 4 but 
the reſiduum was inflammable. However, when, | mixed * ith 
iron filings a quantity of Powdered. charcoal, which I had 
found to give only inflammable air, the fixed air produced from 
it was ſo pure, that only one-fortieth part of it remained un- 
| abſorbed by water; ſo that this fixed air was as pure as that 
which 1s generally procured from chalk by oil of vitriol. 

| It appeared, in ſome of theſe experiments, that three ounce 

meaſures of dephlogiſticated air go into the compoſition of two 
ounce meaſures of fixed air. For oue ounce of this red preci- 

pitate gave 60 ounce meaſures of dephlogiſtated air; and when 
mixed with two ounces of iron filings, it gave about 40 ounce 
meaſures of fixed air that were actually abſorbed by Water, be- 
ſides a reſiduum that was inflammable. 1 had the ſame pro- 
portion when I uſed. half an ounce of each of the materials, 
But when I uſed one ounce of each, I got only 20 ouncc mea- 
ſures of fixed air, including the reſiduum. At other, times ! 
had difterent Proportigns with different quantities of iron filings 
and charcoal. 

I cannot 5 theſe i without * notice, 
bow very valuable an inſtrument in philotophy 1 is a good burn- 
ing lens. This muſt have been perceived in many of my 
former 


„n Way {ret waging 6 Fri. 
Fperin ang Peg & efpeciaily b theſe. By no other 


meatis can heat be given do ſubſt nes in vou, or in any other 


bind: of Ait befides atinoſpherical . and — ſome method of 
doing this, no ſuch experiments d theſe ear poſhbly be made. 
I therefore congratulate all the overs of Acience on the ſucceſ 


ful attempt of Mr. pAkK ER to execute 16 capital An; inſtrument 
as he has done of this Kind. Such ſpirited and generous exer- 


> tions reflect honour on bimſelf and- on out country. It is only 


to be wiſhed, that we could have lenſes of a ſmaller ſize (vix. 


from 2 to 18 inches diameter) made tolerably cheap, ſo that 
they might be in more common uſe. All my experiments 


were made with one of 12 inches 1 in diameter. 1 
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Experiments relating to the ſeeming Converſion of Water into Air. 


SINCE many perſons have expreſſed a wiſh to be acquainted 
with the experiments I have lately made, which at firſt ſeemed 
to favour the idea of a converſion of water into air, but which 


terminated in the diſcovery of a fact, in my opinion, ſtill more 


extraordinary, I ſhall ſubmit to the Royal Society the reſult of 


the obſervations I have already made; though, as yet, I have 
by no means been able to ſatisfy myſelf ſo fully as I could with 


with reſpect to ſome particulars c confiefted with the ſubject. All 
the facta which J ſhall ſtate may be depended upon; but it is 
probable, that different pertons may draw different conclufions 
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Helge öbſstved ſeveral remarkable changes! in fluid 
ſobſtances, in canfequerice of long 'expofure' to Heat in glaſs 
veſſels hermetically ſealed (of which an account may be ſeen 
in the Würth volutne of my Philofophical Obſervations); I 
then forthed a deſign of expofing all kinds of folid fubſtances 
to great Keats, in a fitnilar "ſtate of confinement ; and for that 
purpoſe provided myſelf with a caſt-iron'veſlet, wHhich I could 
clofe at' one end, Inke a digeſter, and of ſuch 2 length, that 
one of the ends might be red- hot, while the other was ſuffi- 
ciently cool to be handted. To this end there was a cock 
connected to a tube, by means of which 1 could let off derm. | 
or air, in any period of the procefs. ; C1: 
"2 imagined, that when ſubſtances conſiſting of 10580 ſo vola- 
tile as to fly off before they had attained any conſiderable degree 
of heat, in the ufual preſſure of the atmoſphere, were com- 
pelled to bear great heats under a greater preſſure, they might 
aſſume new forms, and undergo remarkable changes, fimilar to 
what we may ſuppoſe to be the caſe within the bowels of the 
earth, where; by means of ſubterraneous fires, various ſub- | 
ſtances bedr great heats under fry: great preſſures. eg, 
have had this ihſttutent ſome years; but it was ſo al con- 
ſtructed, that I could not make the uſe of it that I had. origi-/ 
nally intended.” * therefore lately fitted up ſome gun-barrels 
im the Tame manner, and made my firſt experiment with limes 
tone; expecting. that when the fixed air, and other volatile 
matters, that might be contained in it, ſhould be compelled to 
bear a red heat, without a poſſibility of making their eſcape, the 
ſubſtance itſelf. might undergo ſome change ; but F had no 


parcicular expectation concerning the nature of that change. 
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| cgprerlion of. water, or ſteam, into permanent air; ſaying, 


cd 


probably. take place | in its conflitution. | The idea Was new to 
mei ang led, me to attend more particularly to my former pro- 
; jeQs.. of a ſimilar nature, and I began with lime-ſtone, wiſh-⸗ 


5 have the ſomes effect with. making. the water itle]f rel. hot. 
ing with.it it a Rte water, out. of which = air had 0 carefully 


retort, ſuch as I had been uſually ſupplied with by Mr. \ WEDG- | 


own; Curious art), not imagining that it could make any dif- 


 ſeyeral hundred times more than the bulk of the water, and at 
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DouUrh 300 11 have. the paint to 1 51 a Pro 15 men- 
tioned 2 a fimilar idea of his, viß. that of the. poſſibility of the 


ſome > appearances in the working of his fire- engine bad 
Io EXPE this. * He thought that if ſteam could be 
made, rehhot,, ſo that all its latent heat ſhould be converted 
: ſenfible heat, either this or ſome other change would 


= to try the effect of giving a red heat to lime in which water 
only ſhould be previouſly. combined, thinking i it might "Sit 


boiled, I expoſed. it gradually to a ſtrong heat in an earthen 


woon, (Who fis as much diſtinguiſhed by his love and generous. 
encour agement of ſcience, as he 1 15 by has 1 improvements in. his 


fereuce whether the lime, ſo prepared, ſhould. receive its heat 
in, an earthen retort, or in a veſſel of iron or glaſs. Proceed- 
ing, however, 1 in this manner, I found that nothing came over 
in the 3 of fteam, but that there was a great quantity. of air, 
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air which 1 got (and which, when the fixed air was extracted 


from it, was ſuch as a candle would juſt burn in) came from 
the water, eſpecially as in ſome of the Pprocofles, the weight of 


1275. 


before, or mig t b e oled ö # e 
green matter contained i in the lime, and the purer air that 
was yielded by the water : for I own 1 then concluded; that the 
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the air I caught was very nearly, if not quite equal to that of 


the water, and interpoſing a large glaſs balloon between the 
retort and the recipient for the air, I obſerved that it remained 
perfectly cool and dry during the whole proceſs ;' and feveral 
hours aſterwards there was not the leaſt moiſture condenſed in 
i. I alfo received a quantity of another produce of air made 


in this manner in mercury, and having viewed it with the 
SD attention, obſerved that, after ſeveral days, it never 


depoſited the leaſt moiſture. 
I then calcined a quantity of natural lime-ſfone with this 


glaſs balloon, interpoſed | in the fame manner, and' found no 
water, but only air to come from it, though the ſtone is gene- 


nally ſuppoſed to contain water. But when I uſed much more 


than half an ounce of water to the quantity of whiting or 


lime above-mentioned, 1 always had ſome water come over, 


though very little in proportion to the quantity made uſe of. 


I did not fail to examine whether there had been any loſs in 


the weight of the lime, or whiting, in order to determine 
whether any part of theſe ſolid ſubſtances had entered into the 


compoſi ition of the air; but J found much difficulty in weighing 


them with exactneſs, after ſhaking them out of an earthen. re- 
tort, into which I could not ſee, and to which part of theſe 
earthy matters often adhered, ſo that I could not obtain much 


ſatis faction even when I broke the retort. Beſides, there was 


1ii 2 always 


abrays ſome los gof the earth in the cloudineſs-of:the air 


% 


418 DrapnnITEiRS'S Eoperiments relating io Pblogyion, 
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whenever the production: of it was rapid. In a future proceſs | 


had abtindant; proof that the air did not come from Top: earthy 


matter with which the water had been combined. wel] 


-- Hitherto1 had no idea but that all that was neceſſary to ths 
cinch; as I concluded it to be, of water into air, was to 


give it a red heat, without which it would not quit the calca- 


' reous earth; and I ĩmagined by this means the matter or prin- 
ciple of heat was fo intimately combined with it, as not to be ſe- 


parated from it by cooling, as in the caſe of ſteam. But I, as 
well as all my friends, was a long time utterly diſconcerted 
upon finding that when I put the whiting and water into a 
coated glaſs retort, the water came over in the form of ſteam, 
and little or no air was produced, The reſult was alſo the ſame 
when I made the proceſs in a gun-barrel, in a porcelain retort, 


or even in an earthen retort glazed 1 in the inſide. 


That the earth had not loſt its property of doing its part in 
the buſineſs, I found by putting more water to the ſame whiting 


which: had failed in the glaſs retort, and which had been uſed 
no leſs than four times before, and then heating it in an 
earthen retort ; when again it gave air only, and no water, the 
ſame as before. And at this time I obſerved, that- part of the 


air was hardly to be diſtinguiſhed from that of the atmoſphere. 
I cannot expreſs my ſurpriſe at my unexpected failure with 


the glaſs retort; and my ſpeculations on the ſubje& were va- 
rious, but at that time altogether ineffectual. Among other 


things it occurred to me that, poſſibly, ſome phlogiſton, either 


contained in the earthen retort, or coming through it (though 


J could not tell how, or on what principle) from the fire, might 
be neceſſary to water, and all other ſubſtances, aſſuming the 
form of air. But when, with this idea, I put ſpirit of wine, 

| oil, 


and ihe ſceming Converſm of Water into Air, 419 
oil, or jron-filings to the lime, I got nothing from theſe mia. 
tures in glaſs retorts beſides ſteam and inflammable air, __ 
the decompoſition of theſe ſubſtances containing phlogiſton. 

That there was nothing in the materials of which wm 
earthern: retort was made that neceſſarily produced the air, was 
evident from my not ſucceeding when I pounded 2 broken 
retort, and heated it, mixed with water, in one of glaſs. . _ -.; 

Being ſatisfied that the production of air depended very mock 
upon the retort itſelf, . thought of uſing the retort only with 
water, but without any lime, or earthy ſubſtance ;:and I found 
it ſucceed far beyond my expectation. For when I put a ſmall 
quantity of water into one of theſe retorts, and endeavoured to 
diſtil it gently, I never failed to procure about an hundred ounce 
meaſures of air; and this I could do as often as I pleaſed, with 
the fame retort, and without! its loſing any weight; and the air 
produced in this manner had never any portion of fixed air in 
it, and was always but very little inferior to that of abe 
atmoſphere. 1 5807 
In all theſe * I obſerved, that very little of chives air 
was procured till all the water that could be poured out of the 
| retort was evaporated, for the difference in the produce was 
very little, whether I expoſed the retort to the fire quite full of 
water, or with only about an ounce meaſure of water in it, r 
even after letting it remain full for a ſhort time, and then pour- 
ing out all that I could from it; ſo that it was only that water 
which was entangled, as it were, in the pores of the retort, 
and which had been in ſome meaſure united to the ſubſtance of 


it, that had contributed to this production of air. 
Theſe retorts (which Mr. wEDGEwOOD informs me are made 
of a mixture of freſh. and of burnt Devonſhire pipe clay) are 


pervious to water, though not to air; ſo that while the air is 
produced 
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produced from that water which has entired the pores, the reſt 
is ſometimes vifibly making its eſcape in the form of a copious 
ſmoke on the outſide. It was evidently impoſſible, however, 
and contraty to all the laws of hydroftatics, that; air ſhould 
enter by the ſame pores by which the water or ſteam was eſcap- 
ing, and at the fame time that its endeavour to force its way 
out of the retort was ſuch that it overcame a conſiderable re- 
fiſtance from the column of water, at the mouth of my reci- 
pients. Air might have eſcaped through any unobſerved pores 
in the retort, but none could have entered that way : and if 
there was the leaſt ſenfible crack in any part of the retort, I 
was never able to collect any air at all, 
But the following experiments may, perhaps, 1 that it 
is ſuffieient for the production of air that ſteam come into con- 
tact with elay ſufficiently heated. Between a copper ſtill and 
the glafs tube communicating with my recipient for air, I in- 
troduced the ſtem of a tobacco- pipe; and by means of a ſmall 
furnace, I kept about three inches of the middle part of it 
moderately red-hot. In this ſtate, making the water boil, I 
uniformly received air, though mixed with ſteam, at the rate 
of five ounce meaſures in twelve minutes for more than an 
hour; but when 1 let the pipe cool, nothing but ſteam was de- 

 livered by it without any air at all. There was no fixed air in 

this produce, and it was all ſuch as a candle would hardly have 
burned it. It might, 1 thought, have been better and alſo 
more in quantity if I had not uſed the ſtem of a foul pipe. But 
when I uſed a clean pipe in the ſame manner, I did not find 
the air much, if at all improved. Suſpecting this to ariſe from 
the near contact of the fuel, J incloſed the tobacco- pipe in an 
earthen tube, and then I had air as good as I had generally 
| got 


got in ha 
atmoſphere: © 
Another Eren Tessa was, "we if uh ck * 
the veflel-which contained the water or ſteam, through which 
it paſſed, when the requiſite heat was applied to it, was not 
ry, or perhaps ſurrounded with good air (for in thoſe cireum- 
ſtances the following experiment differs from the W 
wer} the experiment did not ſucceed. 
When I put the ball of an earthern retort; glled with moſt 
day, into an iron digeſter, and applied heat to it, I get only a 
rery little fixed air, which was probably compoſed of a ſmall 
quantity of air beginning to be produced from the materials 
and inflammable air from the veſſel. All that come over be- 
ides was ſteam, and at laſt inflammable air, from the veſſel 
—_— IE WY : 
Bring now able to procure air by means of water in i this 
moſt fimple method, viz. by water only in the earthen retort, 
had an opportunity of aſcertaining, with great eaſe and exact- 
eſs, ſeveral circumſtances relating to the proceſs, and of ob- 
rating, as I thought, ſome objections to the coneluſion that I 
lad drawn from it. Among other things I fully ſatisfied my- 
elf that the earth of the retort contributed nothing at all to 
this production of air, but the water only: for having uſed the 
ime retort till I had got from it nearly an ounce weight of air, 
r 800 ounce meaſures, I found that it had not loſt ſo much as 
ifingle grain in weight. After the firſt proceſs it weighed juſt 
licee grains more than it did at firſt, and it continued to weigh 
he ſame till after the laſt proceſs. This ſmall addition of 
reight might eaſily have come from a little of the water hay- 
Ing been imbibed by the neck of the retort, where the heat of 


lhe fire could not reach it. When all the proceſſes were over, 
1 kept 
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I kept the whole retort in a red heat for ſeveral hours, and then 
found that, beſides loſing — URGE Ts, it . eight 
. leſs than it did at firſt. Fr. 
Before this I had found, that the amen g Which I 
had uſed in the firſt experiment could not, as ſome- ſtippoſed, 
attract from the atmoſphere any conſiderable” part of the air 
which 1. got from it, after combining water with it: for two 
ounces of the whiting (which was the quantity which T gene- 
rally made uſe of) did not attract more than eight grains of g 
any thing when it was expoſed a whole day in an open diſh, I t 

though it had loſt more than half its weight in calcination. 
It has been imagined by ſome, that the air which I got in 
theſe earthen retorts was that which had been attracted from 
the atmoſphere by the inſide ſurface of them. But, beſides 
that no air could ever be produced without water, to obviate 
this objection more particularly, when one of theſe retorts 

Was giving its laſt portion of air, I immerſed the mouth of it 

in a baſon of water; and letting it cool in that ſituation, filled 

it again without admitting any, acceſs of air to the inſide; and 
yet, on repeating the proceſs with it, the air was produced juſt 
as freely as before. This operation 1 repeated ſeveral times. 
If it be ſaid, that the outſide of the retort attracted the air, ſtill 
the inſide, being compoſed of the ſame materials, muſt have 
attracted air alſo; and it would have appeared by the aſcent of 
the water from the baſon, the retort being neee imper⸗ 
vious to air. I | *x7:: 17) 

By ſome it was imagined, that cither the air itſelf that! 
procured, or at leaſt the power of the retort to contribute to 
the production of it, was owing to ſomething that was tranf- 
matted from the burning coals, but which could not pals 
through glaſs or metals. To determine this, I took an earthen 

" i tube, 


4@ — or Wat "i \C 4 
the ſazac togapelition. with the retort, aud putting, A 
little water in it, placed it, ſurrounded. with ſand, in a glaſs 
veſlel, and this again, ſurrounded alſo with ſand; in an tron 
ene; and yet the heat tranſmitted through all theſe ſubſtances 
enabled the earthen tube to give air, in the ſame proportion, 
and of the ſame quality, as it would have done if it bad been 
expoſed to the naked fire. 
Having now procured air, by means of a water, in a very | 
| imple and, as I thought, an unexceptionable manner, I wiſhed 
to make it in greater quantities in proportion to the water em- 
ployed; and for this purpoſe I firſt thought of increaſing the 
ze or the thickneſs of the porous retorts; but I thought it might 
anſwer as well if I put into the retort, in powder, the materials 
of which they were made, or other ſubſtances of the ſame kind. 

Accordingly, by mixing ground flint and clay in various 
proportions, I preſently increaſed the quantity of air much be- 
yond my expectation. In the firſt trials, in which I had much 
flint and a little elay, I never failed to get 200 ounce meafures 
of air from one of water. Then, uſing more clay and leſs 
flint, I had ſtall more air; and at laſt, leaving out the flint 
| altogether, aud uſivg clay only, I never failed to get much 
more than 400, and generally between 500 and 600, ounce 
meaſures of air from one of water, which was about three- 
fourths of the weight of the water; and in one particular pro- 
ceſs I procured very little leſs than nine-tenths of the weight 
of the water in air, and this air was never much leſs pure than 
that of the atmoſphere. Sometimes it could not be diſtinguiſhed 
at all from it at all by the teſt of nitrous air ; and once or twice 
I thought it even purer than that of the atmoſphere. 

I muſt here obſerve, that I found it not convenient to put ſe 
much water to any quantity of clay as would make it cohere 
in one maſs, but only ſo much as that it ſhould remain in the 
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| The weight of the \ water FRB in. this prota 5 mY air 
J aſcertained, in the moſt unexceptionable manner, by weighs 
ing the retort, with all its contents, before and aſter the pro- 
ceſs. 1 ſhall explain this by the reſult of 'two of the proceſſes. 
In one of them, the retort and moiſtened blay together loſt in 
weight 1 o. 4 dwts. 12 grs. after yielding 747 ounce 3. 
of air, which (in the proportion of ſix grains to one ounce 
meaſure) would have weighed 18 dwts. 12 grs. and conſe- 
quently three-fourths of the weight of the water. ' 
In the other proceſs the loſs of weight was 15 dwts. 18 grs. 


after yielding 556 ounce meaſures of air, which would have 


weighed 13 dwts. 21 grs. The proportion, therefore, between 
the weight of the air and that of the water was I 11 to 116, 
or nearly nine to ten. 1 


plied was neither neceſſary nor uſeful. In the laſt mentioned 


above a moderate charcoal fire; at another time more than 
twelve or fifteen inches above it, where a n 
thermometer did not ſhew more than 210% With this 
moderate heat | got 465 ounce meaſures in the courſe of 
about twelve hours. When the retort was ſuſpended within 
fix inches of the fire, the air was generally produced at the 


rate of 300 ounce meaſures in five minutes. But a thermome- 


ter, the bulb of which was immerſed in the clay, was full 

only at the heat of boiling water. 

In all theſe proceſſes, however, there was evidently ſome 

loſs of water; for, excepting the firſt experiment with the 

lime, I never got the whole weight of the water in air; and 
it 


1 alſo found now, that fo ah 1 as I TY l ap- 


proceſs the retort was conſtantly ſuſpended about ſix inches 


_— aber 1 ul) nn ; 

the water, though from theſt Gxpet ments it appeared to con- 
tain mth möre aft thak it Häcl Beef tho ht Lapüble of con- 
taining. "T6 obviate this objeRtion;'T contrived't to catch al the 
water that eſcaped throught the e of oy” retort” * the fol- 
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Having put the moiſtened clay in an An Gbde, t to „which 
I bad fitted à cock and a long glaſs tube (by means of which I 
could collect all the air that came from it), I put this within 
an iron tube, which was cloſed at the end next the fire, but 
open at the other end, and fo long that I could eaffly keep this 
open and quite cool while the other was in the fire; conſe- 
quently, whatever water eſcaped through the pe res of the 
earthen tube, it would be condenſed in the cool part of the iron 
one. This water I carefully collected, and always found that 
the weight of it, together with that of the air produced in the 
experiment, was nearly that of the original weight of the 
water, eſtimated by the loſs of weight in the earthen tube and 
its contents. I alſo found, that the water ſo collected ſerved 
for the production of more air, juſt as well as any other water 
whatever, ſo that there had been no hn are of the water 
in the caſe. | = 
In the laſt proceſs. that I went through of this End, the 
loſs of weight! in the earthen tube, or rather of the water con- 
tained in it, was 12 dwts. 4 4 grs; the air collected was 173 
ounce meaſures, which would have weighed 4 dwts. 3 grs. and 
the water which eſcaped through the pores of the earthen tube, 
and which I collected, was nearly 8 dwts. 3 gts.; ſo that the 
air and this water together weighed 12 dwts, 14 grs. or ten 
grains more than the original water. But as I eſtimated the 
weight of the water only by the ſpace which it occupied in a 
K k k 2 cylin- 
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. eflindrical e Geided e bi. ounces and parts of 

dLunces of water, jt was. not eaſy to avoid an error of a few 
grains. At other times there was an error of a ſmall magni- 
tude on the other ſide. But it will appear hereafter,” that more 
ſteam muſt have eſcaped invifibly at the ou mouth of the 
iron tube than I was aware of. 

That nothing could enter by the pores of 0 1 at the 
ſame time that the water was making its eſcape out of them, I 
thought 1 aſcertained pretty ſatis factorily by immerſing the 
bulb of it in mercury, contained in an iron veſſel. In theſe 
circumſtances I obtained air as uſual, only the produce was not 
ſo rapid. In this way. however, I procured above an hundred 
ounce meaſures of air from moiſtened clay; and 1 diſcontinued 
the proceſs without perceiving any termination of it. But the 
moment the retort was raiſed out of the mercury, it gave air 
three times; as faſt as it had done before. The quality of the 

air was the ſame in both caſes, Vis. a | Intle worſe than that of 
the atmoſphere. I oy 

I even collected thirty ounce a af. air when the bulb 

of the ſame retort was immerſed in hot linſeed oil, but the pro- 

duction of air gradually ceaſed, and the next day I found the 
retort almoſt full of the oil, which had ſoaked through it. 
Diſtilling this oil I get 300 ounce meaſures of air, wholly in- 
flammable, except a very few ounce meaſures at the laſt, which : 
were only phlogiſticated. 

Still hearing of many objections t to the converſion of water 

into air, I now gave particular attention to an experiment of 
Mr. cAavenDisn's, concerning the re-converſion of air into 
vous by decompoſing it in conjunction with inflammable 

And in the firſt place, in order to be ſure that the wa- 

- 11 might find in the air was really a conſtituent part of 


it 


| 


| 


it gut — 9 — 1 70 rte lo, 1 


made 'A | quattity « of both. dephlogiſticated and inflammable dir | 


in ſuch a manner as that neither of them ſhould ever come l into. 
contact with water, receiving them as they were produced ur 
mercury; the former from nitre, and in the middle of the | 


proceſs (long after the water of cryſtallization was Come ov er), = 


and the latter, from perfectly- made charcoal. The two kinds 
of air thus produced I decompoſed by firing them together by 
the electric exploſion, and found a manifeſt depoſition of water, 
aud to appearance in the ſame quantity as if both the kinds of 
air had been previouſly « confined by water. 1 7 2 

In order to judge more accurately of the quantity of water 


then having wiped with 1 it all the inſide of the glaſs veſſel i in 
which the air had been decompoſed, weighed it again, and E 
always found, as nearly as. 1 could judge, the weight of the 
ed air in the moiſture acquired by the paper. 


: fall globules « of mercury, which are apt to adhere to tlie inſide 
of the glaſs veſſel, and to be taken up by the paper with which 


it is wiped, I er weighed j the. Re | 0 0 che moiſture. 


ohms. a the water 7 evaporate, 34 not the mereuty. | 
weighed it again, and, ill found, as nearly as I could pretend, 
to weigh fo, ſmall a matter, a loſs of weight equal to that of 


the air. E-wiſhed, however, to have had: a: nicer balance for 


the purpoſe: the reſult was ſuch. as to afford a ſtrong preſump- 


tion that the air was re- converted into water, and therefore 


that the origin of it had been water. 
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fo depoſited, and to compare it with the weight of the 3 air de- 
compoſed, I carefully weighed a piece of filtering paper, and 


As there is a ſource of deceptian 1 in this experiment, in the 


Another 
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circumſtances. | Subterraneous fi! however, would be abu 
dantly ſufficient for the purpoſe, as it app ears to 15 ſufficient 


5 ſtances 1 in the form of vapour. 1 muſt, however, obſerve, 


- from it. 


then proceeded | to repeat this laſt ptoceſs with a ' communica-* 
air, as 1 then propoſed 1 to do, but was prevented, I ſhould much 


ſooner. have diſcovered what 1 did afterwards, v:2. that there 
was no real converſion of water into- air in this' proceſs. | In 


poſition of the generation of air from water, though 1 in other 


pleaſure to add, that Mr. DE LUC himſelf © concurs with me in 


with any other known facts in philoſophy or in nature. But 
| admitting that this converſion is effected by the intimate union 


"ow 
&#2 Dr: e Em 
by nother grefura reſu | a i Avvo cf Mu he 6 dur 
atmoſphere 0 Wer So that the Pbrity of the air that I 
produced from it is fo very neatly the fame with that of the 
atmoſphere. And the degree of heat reqdigte to produce it is 


no greater than n may be given by the*rays'of the ſun in certain 


for Vl converſic ion of water inte "reſpira le air; that it come 
I 


into confact with clay, and perhaps many other earthy ſub- 


that yh en I threw the focus of a burning lens upon a quantity 
of x clay, either; ay vacuo, or in common air, 1 ot n0 air 


C% £ 77 


12 


1 made this * xerirhent boch with the clay erjoſed in in an 
open kh, and al 0 confined 1 in a ſhort earthien' tube. Had 1 


2 11 


tion between the inſide of the catthen tube and the external 


favour of which, however, it may not be amiſs to obſerve, 
that the great difficulty Mr. b L ve and others have found in 
expelling all air from water, is beſt accounted for on the ſup- 


circumſtances than thoſe that I have obſerved. 1 have the 


this opinion. | T 
The difficulty that ſtrikes many ** the moſt x forcibly; 3 18 n 


the want of analogy between the converſion of water into air 


41422 a £4 
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F "td Go nv * of We ar 
is what i 5 called the A "of a With . water, it 12 
gears to me to be fafficiently analoges to other changes, 2 
rather combinations of ſubſtances. I not the -acid of nitre;” 
and alſo that of vitriol, a thing as unlike to air as water is, 
their properties being as remarkably different! ? And yet it 1s 
demonſtrable, that the acid of nitre is convertible into the 
pureſt reſpirable wr, and probably by the union of * ſame 
principle of heat. 

It is true, that ſteam | is a thing very different from air, and 
I find that it is not able to decompoſe nitrous air; but then, 
though it has acquired ſenſible heat, it has got no latent heat ſo 
intimately combined with it as it is with air; and for the ſame 
reafon, perhaps, the vapour of nitrous acid is not 'Ephlogiſti 5 
cated we 7.177 

By the fame proceſs. by which reſhitable air is made by 
means of water, inflammable air may be made from quid 
fubſtances containing phlogiſton. Making ſpirit of wine to boit 
in a glaſs retort, I made the vapour paſs through the ſtem of a hot 
tobacco-pipe, and found that it was all ſeemingly converted 
into inflammable air, and it was of that kind which burns with 
a lambent white flame. But when J let the pipe cool no air 
was produced, but only vapour; which was inftantly | con- 
denſed in the water. OPT ene 

Being now maſter of a new and eaſy alt 1 was willing 
to extend it to other liquid ſabſtances; and I preſently found, 
as I then imagined, that, by this means, I could give a per- 
manent aerial form to any liquid ſubſtance that had been! Pre- 
viouſly thrown into the form of vapour. : 

When I made the vapour of ſpirit of nitre, heated in a 
glaſs retort, paſs through the ſtem of the hot tobacco-pipe, 1 
got as pure dephlogiſticated air as ever I have procured from 
K k k 4 nitre; 
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oftte; . though the N cork, by * which ye donnecte 
with the pipe, Was | Tifflved, and ad Þ 1 — contributed to 


contaminate it, and give it a Night mixture of fixed air. 1 
With oil of vitriol I got air conſiderably phlogiſticated, fo 
that a candle would not have burned in it; but this I allo attri- 
bute to the cork, which was diſſolved in the proceſs. The re- 
ſult was nearly the ſame when I uſed water impregnated with 
vitriolic acid air, though the cork was not diflolved. But Lu 
acid i is known to contain much phlogifton. - 

Spi pirit of falt gave air no purer than the beſt n 
"Bat! as by this proceſs I never got air ſo pure as this from 


giſticated'ai _ 
When 1 uſed water impregnated with fixed air, this air was 
expelled by 1 the hear, and came over without any change that 1 


could perceive, except that the refiduum was larger, from the 


water that came along with it. The air I got afterwards was 
only that from the water, and of the ſame quality as if it had 
not been impregnated with fixed air. 

Water 1mpregnated with alkaline air gave neither 861 nor 
inflammable air, which I had rather expected, but only air 
conſiderably phlogiſticated; though ſome of 1 it was fo "map 
that a candle would have burned in it. 

N. B. In all theſe experiments with the — al the 
air was remarkably turbid, like milk, and even the common air 
in the retort before the proceſs properly began. 

In this ſtate of the experiments I think I may venture to 
ſay, that no perfon could have ſeen them without concluding 
that there was a real converſion of water into air, there being 
no > known principle or fact in philoſophy, that could have led 

2 any 
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S on ly, 'T concluded, that even this acid, as well as the 
nitrous a! ad vitriolic, is Capable of being turned into * 
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ay pation to TY 55 Far * 1 
1 muſt have acquieſced, as indeed | | id al m y N 


| even thoſe who had been the moſt incredulous on the | fubjedt, þ- 
after they had themſelves ſeen the experiments. But I was led 
to the farther proſecution of this buſineſs, in conſequence of 


having obſerved that the purity of the air which I procured de- 
pended upon the ſtate of that which was immediately conti- 
guous to the earthen retort, - or tube, in which I ſuppoſed the 
| converfion to have been made; and that ſome communication 
with the atmoſphere was neceflary to the production of any 


air, as in the experiment with the digeſter, and thoſe with the 
clay and the burning lens. And fince pure external air was 


| neceffary in order to procure good air, it was concluded by 
ſeveral of my friends, and eſpecially Mr. wATT, that the ope- 
ration of the earthen retort was, to tranſmit Phlogiſton from 
the water contained in the clay to the external air; and that the 
water, thus dephlogiſticated, was capable of bein g converted 
into refpirable air by the intimate union of the principle of 
heat. 


In order to aſcertain what the zünde of the external air in 


this eaſe really was, 1 incloſed an earthen retort filled with 


moiſtened clay in a large glaſs receiver, open at both ends, through 
the upper orifice of which (being narrow) I thruſt the neck of 
the retort, luting 3 it ſo as to be perfectly air-tight ; and placing 


the receiver in a baſon of water, by which the air within was 
cut off from all communication with the external air, I fitted 
to the mouth of the retort a glaſs tube, through which I could 
receive whatever was produced in the proceſs. In this fituation- 
I heated the retort by means of Mr. PARKER'S excellent burn: 
mg lens, when air was received through the tube communi- 
cating with the inſide of the retort as uſual ; but at the ſame 
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timer theater roſe withu-the:teceryer, . This effect micht be 


1 was on diminithed far heyond the utmoſt limit of chat pro- 
ces, ſo that very little of it remained; and examming. this air, 
I ound it to be but very little worſe than that of the atmo- 
ſphete, as that which came from the retoxt vas a little ſhetter. 
This experiment made it ptobable, that: the air on the outſide 
of the receiver had actually paſſed, through, it, only a little pu- 
riked-in its paſſage; and yet it was contraxy to all the known 


this kind; and in a direction contrary tothat: in which it would 
have been forced by the preſſure of the atmoſphere ; while the 


way. For had the retort been ꝓervious to air, as the inſide 
had a free communication with the atmoſphere, the water 
could not have rifen within the receiver. This, however, ap- 
peared to be the caſe by the following decidive experiments. Re. 


before, I made the inſide of the receiver perfectly dry, and 
placed it in a baſon of mercury; when, upon heating the 
retort as before, the receiver Was all covered with dew, which 
collecting into drops trickled down the inſide of the receiver, 
and remained upon the mercury, which roſe within the re- 
ceiver, while air was received from the retort as uſual. T had 
no doubt, therefore, but that all the water within the retort 


ſomething that had the ſmell of it, was tranſmitted from the 
clay through the retort in the ſame manner. 


5 on | „ 


o wing to a phlogiſtication of the air within the receiver; but 


; principles 0 Hydroſtatics, aud even any, thing hitherto known 
in chemiſtry, that air ſhould be tranſmitted through a. veſſel of 


water, with which the clay was moiſtened, went the other 


Having filled the earthen retort with the moiſtened clay as 


: would have got through into the receiver. Spirit of wine, or 


I then filled the receiver with inflammable air, and upon 
heating the retort it was all drawn through it, and delivered 


t 


V 
( 


3 
4 


and even covered the tetort, which was fixed at the vary top 
of. it, ſo that hardly any of. the inflammable air , remained 
within it. In, Uke manner nitrous air paſted nigh the nckoct 
unchanged. .. | on Pt A F cy zw odtiv 


i From theſe. cmpenipionts. is it is wwe not. to * thatthe 
clay of the earthen retort, being thus heated, deſtrays for a 
time the atrial form of whatever air is expoſed to the outſide 
of it; which aerial form it recovers after it has been tranſmit- 


ted in combination from one part of the clay to another, vill is 


has reached the inſide of the retort, while the water Is s drawn 
through it in the contrary direction. 50k nod avail. 


Had this hypotheſis been propoſed a priori, it wok; 1 dowbe 


not, have been thought more extraordinary than the converſion of 
water into air. I propoſe to make many other experiments in 


the proſecution of theſe3 but till I have an opportunity of 
doing this, I ſhall not trouble the Society with any een 


that have occurred to me on the ſubject. 


The great difficulty with reſpect to the experiment with the 
lens is, that the water ſhould pafs through the retort one way, 


and the air the other, and yet that the air ſhould not be able 


to paſs without the water. It is alfo not a little extraordinary, 
that the weight of the air and that of the water ſhould be ſo 
nearly equal. 

In the laſt place I muſt obſerve, that there i is ; nothing | in this 
experiment that contradicts the idea of the converſion of water 
into air, though 1 it does not prove it: for ſtil] the experiment 
with the tobacco-pipe, in which the ſteam is made red-hot 
(whereas in that with the lens it is only of a boiling heat) 


cannot be explained ſo well on any other hypotheſis any more 
L112 than 


RO une as ever as 3 hs; e 
with the inſide of it, while the water roſe. within the regeisat, 
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than Mr. cavenvin's experiment on finding water on the 


decompoſition of air. 


1 cannot conclude this account without hag g my 
* * 


1 to Mr. A REER for the uſe of his incomparable lens, 
and his obligingly affiſting me in the management of it. Indeed, 
without this very inſtrument, or one of greater power than my 
own, I do not know that the laſt mentioned experiments could 
have deen made at all; certainl 4 not to ſo much ſatisfaction. | 


» 
— # C3 


/ 


1 


— : 
2 
Nr 


; . 
| . 5 - , | ” | 
r * 4 , o , — . * * £ 4 X " 
5 4 F , 7 7 i * n ; = , 8 
TY 4 nr HH 7 K% 5 
| ' ö 4 % a T7. © _ 2.40 = 


*r; (14131 logon k 


XXIII. Deſeription of an improved Air-Punb. and the. Aechun: 
yt „ ſome . made with i. mth * 87 Mr. Tiberius av 


| "oo N. It {4 L | | : x h - Ls.” © "VB 
” | | Fs | — — 4 
1 | | b ; , | F „ 
* 7 
T, 4 
7 . 5 r 
8 f . 
— 
. * 4 
ES - x» 


| Read July 3, 1783. 


ſince it was firſt invented, were contrived by Mr. sMEA- 


ro, F. R. s. and are deſcribed i in the XLVIIth volume of the 
Philoſophical Tranſactions. This i ingenious gentleman, confi- 
_ dering the imperfections of the air-pumps uſually made, not 
only found means to correct ſeveral of them, but improved 
almoſt every part of the machine, ſo as to render it incompara- 


bly ſuperior to any thing of the kind done before. 

It appears, by ſome accurate experiments of Mr. xAIRNE, 
F. R. s. deſcribed in the LXVIIth volume of the Phil. Tranſ. 
vrhich were made with an air · pump conſtructed after Mr. 
SMEATON's principle, that by means of the beſt air- pumps 
made before Mr. sMEATON's invention, the rarefaction of the 
air within the receiver could never have been brought to more 
than forty or fifty times, if the heat of the place was about 
2 that even with Mr. sMEAToN's pump the receiver could 


not be exhauſted beyond 70 or 80 of rarefaction, when moiſt 
leathers were uſed, or moiſture was in any way introduced 
within the receiver; but that when this pump is quite free 
from moiſture, and is newly cleaned, ozled, and put together, 


then 


HE principal 3 improvements which the air-pump received! 


* 


436 "Wh Mr. CAVALLCs:Defeription of 
then the air may by it be rarefied about 600 times, and not 
farther “. 5 5 


The principal cauſe which prevents this pump to exhauſt. 
farther than that limit is the weakened elaſticity of the air 


remaining within the receiver, which, decreaſing 1 in proportion 
as the quantity of the air within the receiver is diminiſhed, 
becomes at laſt incapable of lifting up the valve, which opens 
the communication between the receiver and the barrel ; conſe- 
quently no more air can in that caſe paſs from the former to 


the latter. - 
To remove this . imperfection of the beſt air-purnps 


had been attempted by ſeveral ingenious perſons ; ; but, as fat 


as I know, was never obtained before the happy contrivance of 
the air- pump, which I am going to 2 in the * 


5 9 


and the receiver might, inſtead of the valve, be performed by 


the laſt year, to Mr. jacoB BARNARD HAAS, an ingenious 


nerſhip with Mr. Jonx HENRY HURTER, had lately eſtabliſhed 
0 manufactory of philoſophical inſtruments. Mr. HAAs re- 


marked, that according to my Plan the friction of the parts of 


* The degree of rarefaction ſhewed by what ig 8 ge, when any 
vapour of water is within the receiver, is not to be conſidered as the degree of 
rarefaction of the elaſtic fluid in the receiver, but only of the air; for though the 
air may be exhauſted, yet the vapour of water will fupply its place; we ſhall, 
therefore, only take notice of the exhauſtion when no vapour or moiſture is within 
the receiver. See NAIRNE' $ Experiments, Phil. Tranſ. vol. LXVIL 


1 TE the 


Being 1 in want of a good air-pump, and i imagining that the 
opening and ſhutting the communication between the barrel 


means of a ſtop-cock, particularly conſtructed upon an idea of 
mine; I communicated my plan, about the latter end of 


| workman in the philoſophical-inſtrument way, who, 1 in part- 


an imnprabed Atr- Pump, Kc. | 437 
the machine would be too great, and therefore the pump, if it 
| anſwered at all, was not likely to be durable. In conſequence 
of this, he tonfidered upon ſome plan or other which might 
anſwer the ſame purpoſe in a better way, and ſoon hit upon a 
method of lifting up the valve at the bottom of the barrel, 
and of ſhutting it again at pleaſure; which method being put 
into execution, has been found to anſwer exceedingly well. 
Beſides this capital improvement, his air-pump. is rendered 
altogether more convenient for philoſophical experiments, by 
anſwering ſeveral ee which * be enumerated after 1 its 
deſcription. ne 
Plate I. ſhews a ee view of this pump. Plate U. 


exhibits a geometrical! delineation of its metal or working patts 
detached: from the wooden frame. And plate III. repreſents a 


ſection of its parts. The letters of reference are made to an- 
ſwer to the ſame parts in all the plates. | | 


In plate III. fig. 1. AABI is the barrel of the pump, to the ” 
brood or flat 'ends of which are ſcrewed, by means of five 
ſcrews, the pieces CE and K, with leathers between, to render 


the junctures perfectly air- tight * *, The upper piece CE con- 
tains the collar of leathers for the handle or axis GG of the 

piſton to go through, and the baſin F, which ſerves for a cap 
to ſcrew down the leathers, at the ſame time that it holds the 
oil, which may be put into it, in order to let the collar of lea- 


| thers hold very tight; though it is ſhewn, by experience, that 


when the leathers are perfectly ſoaked, there is not the leaſt 


occaſion to Leep any oil in the baſin F. The ſame upper piece 


* All the leathers uſed for this pump are ſoaked in melted hog's lard; and 
when the parts of the inſtrument are put together, a little oil is ſmeared upon 
thoſe ſurfaces of the braſs pieces which go againft the leather, though this oil may 


be ſpared. 


CE 
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ſcrewed the other perforated piece 2,4, having a ſlip of oul-filk 
ſtretched over its lower part 4, and tied round a ſmall inden- 


the hole 3, and is about * times * than he ee 
of the hole. „„ 1 81 


the hole 3, it will lift up the lip of ail; ſilk, and paſſing by the 


ſhewn ſeparately in fig. 4. 1 is a perforated braſs piece ſcrewed: 


with a ſhort and bent hole. The piece x is ſcrewed into the 


Moan Dinah ”Y 
E. contains the valveratiE;-whichylets the air - paſs eg 
but prevents / its return: -and-whichis {0 contrived as that, when 
the. piſton üs drawn quitetto-the-top of the barrel, the leaſt poſ- 
ſible quantity: of air ſhould be left into the barrel. The parts 
which, form this: walve are qhewn ſeparately-in fig. 3. where 
1,3. is a braſs. piece that ſcrewys into a proper cavity made for 
its reception in the piece CE, aud which is hollow, except its 
lowet part, where at eonſiſts of a thin lamina perforated with 
a ſmall hole 3. Into the hollow of the laſt mentioned part is 


ture or groove made on its lower part. This ſlip of oil-ſilk 
anſwers better than a piece of bladder or leather: it juſt covers 


It will be eaſily . that abs vl air is a that | 


fides of it, and alſo through the large perforation of the piece 

2,4, will go upwatds, &c.; but can by no means return back- 
wards, ſince any preſſure, that the air makes on the upper part 
of the oil fk, will only ſtop the paſſage more. effectually. 
A valve much like this is in the piſton, the parts of which are 


to the cylindrical handle or axis GG, which is alſo perforated 


part u, and contains a valve, v:z. a ſmall piece 6 with a ſlip of 
ell-filk tied round its groove yy, which flip of oil-ſilk bears 
againſt the hole 5. The piece » ſcrewing into the other piece 
1, faſtens the round leathers which, about thirty in number, tv 
form the ſtopping part of the piſton, and rub with their edges bel 
againſt the cavity of the barrel. This is a very uſeful improve- Ile 
ment, 


un 8 Air-Pump, &c; 


corks is both troubleſome to make, and ſeldom fits exactly. 


the figure, and which communicates with the perforation of 
the round piece L, which is ſcrewed to K with a leather be- 
tween. The perforation therefore of K communicates with 


the cavity of the braſs tube RS, this being ſoldered to L. The 


part of the piece K, which projects within the barrel, is ſmal- 
kr in diameter than the cavity of the barrel, and the inter- 
rening ſpace 1s exactly fitted by the moveable ring 8, 8, the two 


parts of which are ſcrewed together, holding faſt between, che · 


edge of a piece of oil - ſilk, which ſtretches over the upper part 
of the piece K, and covers its aperture. A vertical view of the 
above-mentioned oil fk, with five holes 1 in it, is ſhewn in 


bo. 6. 


It appears from this deſcription, that the air can paſs through k 


the valve from without to within the barrel, but not vice verſa, 
It will be alſo eaſily conceived, that the air can paſs from the 
avity of the tube R through the perforation of the pieces L 
ind K, within the cavity of the barrel, only when the ſaid air 
has elaſticity, or force enough to puſh up the oil-filk. Now the 


principal improvement in this machine is, to lift up the oil-ſilk 
by a power applied externally, when the weakened elaſticity of 
the air within the cavity of the tube R, &c. is not capable of 
bing it by itſelf, and here follows the deſcription of this me- 


chaniſm. 

The double ring 8, 8, which holds the oil-ſilk, is faſtened to 

two ſteel wires 9, 9, which are ſhewn in fig. 5.; this figure 

Jicing a ſection of the lower part of the pump through a plane 

perpendicular to the plane of the ſection, fig. 1. Thoſe wires 
VoL. LXXIII. M m m paſs 


4 
ment, fince the common way of uſing two leathers turned over 


The piece K faſtened to the lower end of the barrel is per- f 
forated with a hole, the direction of which is clearly ſeen in 


\ 


a 


ſerewed to the piece K, and furnithed with caps, 1 x, 11. 
lower extremities of the wires are faſtened to the croſs 15 57. 
af the brafs frame, OOO, a vertical view EO"! 18 * 


wooden pillars of the frame of the machine. The part 15 of 


Arenen — 
Naſs through collars of leathers held in proper braſs boxes 1 


in fig. 4. of plate II. 
From the middle of the piece "x fig. 1 1. w4 Int. a — M 


tally, forms an axis x, 2, fig. 4. pl. H. about which the braſs 
frame OOO moves a little way upwards and downwards. 


It appears from this deſcription, that if the frame O00 fig. 4. 


Nl. Hb is moved upwards, the wires , 9, and likewiſe the double 


0 ring 8, 8, with the oil ſilk, being all connected together, will be 
puſhed alſo upwards; conſequently, the oil-ſilk being removed. 
from the hole of the piece K, a free communication is opened 


between the cavity of the tube R, and the cavity of the barrel, 
through which the air, however rarefied or weakened in elaſti- 
city, can paſs without the leaſt impediment. 9 14 

In order to move the braſs frame upwards. the end of FROM? 
P. bears againſt it. This lever is fhewn in fig. 3. of plate II. 
which is a front view of part of the pump, whereas fig. 1. of 


the ſame plate is a ſide view of it. Fhe center of motion of 


the lever is at 13, that is, between two fide prominences of 
the piece 12, 12, which is faſtened by ferews to one of the 


the lever, which projects beyond the wooden pillar, is made 
with a joint, by which means it may be turned upwards, as 


repreſented by 17, for packing it more conveniently. 
When the valve is to be opened, the foot of the operator 


muſt preſs upon the extremity 15 of the lever, by which means 
the other extremity P, the frame OOO, the wires 9, 9, and 
the double ring 8, 8, with the oil-ſilk, are all lifted up. But in 


1 


proceeds, the lower part of which, branching into two horizon- 


order | 


YN 


J D 


order to bring down again all thoſe parts, and to ſhut: the valre 


pl 


„ = _ 


when the preſſure of the foot is removed, there i is an open 
braſs tube N, faſtened to the piece K, which contains a ſpiral 
ſpring, that, bearing againſt the extremity of the braſs frame 
OO, puſhes it downwards. 
This principal mechaniſm being diſpatched, it wil * very 
aly. to deſcribe the remaining parts of this excellent machine : 
but before we proceed to that, I ſhall briefly deſcribe another 
mechaniſm, which Mr. Haas has lately contrived, to ſupply 
the place of that juſt mentioned, vis. of the lower part of tlie 
inſtrument, as being much more ſimple, and R of! an- 
ſwering the ſame purpoſe. i of de 
A ſection of this new thought, which he 18 going toe execute 


for another pump, is ſhewn in fig. 7. of plate III. 


Ag is the lower extremity of the barrel. CCDE 1s a piece 
of braſs perforated quite through with a large and cylindrical 
hole, and is fcrewed to the barrel inſtead of the piece K of fig. 
1. with a leather between. On one ſide of this piece CDE, 


part of the ſurface is flattened, and to it is adapted, by means 
of ſcrews and a leather, the piece of braſs G, to which the 


tube H is ſoldered, which correſponds to the tube RS of fig. 1. 
The aperture of CC, towards the cavity of the barrel, is co- 
vered by a piece of oil-ſilk, like that repreſented in fig. 6. 
which is kept ſtretched by a braſs ring LL, funk into the piece 

D . e 
Within the cylindrical perforation of the piece CC DE, there 
s a long piſton KIr, conſiſting of the following parts. IK is 
its axis, which ſpreads at top into a flat plate r, and the lower 
extremity of which is faſtened at N to the lever MO, which 
moves round the center M. Towards the middle of the axis, 
there is a piece of braſs, the ſhape of which is more eaſily 
M m m 2 underſtood 


3 
4 
wehen 
wh ich piece © confines the; rqund leathers from itſelf to the plate r 
and alſo from zielt to be other Path bisch 15 ee * 


TIT h 710 


che axis at K. . 1 
Between ihe! lat mentioned plete 990 che b omg 18 a 


Mien c eib 1 


ſpiral ſteel ſpring, which always puſhes the piſton upwards, 


Laſtly, the axis of the piſton is perforated from its top till 
towards the middle, where the perforation, — 8 
communicates with the cavity of the tube . 
Nor, when the piſton is puſhed upwards, : as it always is 
when the extremity O of the lever is not preſſed down, then 
the oil-filk at LL, laying againſt the plate r, covers the hole 
of the piſton, co conſequently it ſhuts the communication be- 
tween the barrel and the cavity of the tube H, &c. But if 
this communication is required to be opened, then the extre> 


mity ( O of the lever is preſſed down, which will ſeparate the 
upper part © of the piſton from the contact of the oil-ſilk, 1 as 


to open the communication as required. 


Let us now return to the deſcription of the other parts of tha 
machine, as ſhewn in fig. 1. The upper extremity o of the | 


tube RS is made conical, and is fitted by. grinding into the 
ſtrong braſs piece of communication UX/; the cap T ſerving 
to tighten it . The extremity x of the oppoſite piece up is 
likewiſe fitted by grinding into the part /, and is tightened by 
the cap mn. Juſt over the ſaid conical extremities 2 and o, and 
into the ſame piece of communication UX/, are adapted two 


ſtop-cocks Z and 5h, which are tightened down by the caps 


All the parts of this pump, that are fitted to each other by grinding, as the 
ſtop-coeks, the extremity of the tube RS, &c. before they are put together, are 
ſmeared with a mixture of bees-wax and oil melted together, in order to let them 


top the better, and to prevent their wearing by friction. 


V and 


by! 17 the figuze, than by a verbal deſcription, 


— ae Phonpa a at 


Yang Ig but us thoſs ſtop-cocks | 


mrult e türke b eil 0 4 


key adapted to their ſquare tops, and in that caſe hal igen 


againſt tlie caps would unſerew or tighten them; therefore ar aring 
is put round each cap, which ring is prevented from turning -by 
a pin, and is faſtened round the cap by means of a ſcrew with a 


milled head. Theſe rings are ſeen in fig. 1. of plate I. Each | 


of the ſtop- cocks is perforated with a hole, which goes from o one 
ſide to the bottom of it. pos 


The upper part of the piece of communication terminates ir in 


a ball 4, into which the lower and conical extremity b of the 


tube d is adapted by grinding, and is faſtened by the cap c. 
The tube 4 is ſoldered to the part e, which is made faſt to the 


upper board of the frame of the machine, and to which the 
plate 7, having the rim g g. is ſcrewed with a leather between. 


The lower part of the piece up is ſcrewed with a leather be- 
tween to. the top of the ſtrong braſs veſſel grs, and is termi= 


nated as appears in the figure, for a reaſon that will be made 


evident in the ſequel. The veſſel grs is faſtened to the middle 


ſhelf of the wooden frame by ſcrews 55; and it has a perfora- 
tion at bottom, which is ſhut by the ſcrew nut r, and ſerves to 


let out the oil, which, after working the machine for ſome 
time, will be found lodged | in the veſſel qri. 


the veſſel mentioned above, wherein it proceeds till "ay near 
the top of the veſſel, where it opens. 


The piſton of the pump, with its axis GG, is moved up- 
wards and downwards by means of the rock- work, wheel, 


and handle; which parts being clearly ſhewn in fig · 1. and 2. 


of plate II. and alſo being nothing new, require no farther 
deſcri iption. 


4 | EY To 


The tube Er is ſoldered into the piece D, and likewiſe into 
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4 M6, CAVALLO! 's Defriptie jp 
To the fore-ſide of the ball 2, on the ſtrong piece of com- 
munication, is adapted by a croſs· piece and a ſcrew, the gage 
which ſhews the exhauſtion of the pump. This gage may be 
ſeen in fig. 1. of plate II. It conſiſts of an outward glaſs tube 
containing a little quickſilver; and of an inſide tube, which, 
like a barometer, is filled with, and inverted into, the quick- 
ſilrer of the large tube. The inſide tube is ſupported at top by 
a ſpring ſocket. A ſmall ivory ſcale, with divifions, encom- 
paſſes the ſmall tube, and ſwims upon the ſurface of the 
quickſilver in the large tube. By means of this ſcale the ex- 


hauſtion of the pump may be begun to be meaſured, after * 


the air is rarefied at leaſt thirty times. 
To the other fide of the ball a, vis. oppoſite to the gage, 


there is a ſcrew-nut, which, by means of a leather, ſhuts a 
hole made in the ſaid ball, and ſerves to open the communica- 
tion between the receiver and the atmoſphere. This nut, be- 


ſides a milled head, has a ſquare filed on it, to which a key 


may be applied, 1 in order to open the ſcrew more eaſily, and by 


degrees without Jerks, which can hardly be avoided when the 
nut is opened by one's finger applied immediately to it. This 
nut is ſeen in plate J. 


I ſhall forbear from any more prolix deſcription of other gages. 


that may be adapted to this pump, as alſo of other parts neceſ- 
ſary for performing experiments with it, theſe things being 
very well known at preſent, and containing nothing new. 
Now, as to the working of this pump, a bare inſpection of 
fig. 1. in plate III. will ſhew, that by the action of the piſton, 
when moved up and down into the barrel, the air will be ex- 


hauſted from the cavity of the tube RS, of the ball a, tube d, 


and of courſe from the glaſs receiver that is put upon the plate 


ff; for when the piſton, after being let down, is drawn upwards, 
I 3 the 
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paſſes into the barrel. Then the piſton on being let down, the 


air paſſes through the valve of the piſton, to the upper part of f 
the barrel, and when afterwards the piſton is drawn up, this air is. 
forced through the valve at E into the tube Dr, from thence 


into the veſſel 95, through the channel pn, and, laſtly, it will 
be expelled into the atmoſphere through the aperture 4. 


into the pump, this oil, by the action of the piſton, is brought, 


together with the air, towards the tube Dr, and would come 


out of the hole & if the veſſel gs had not been placed to re- 
ceive it; and i it is for this reaſon, that the lower part of the 
piece pn is ſhaped as ſhewn in the figure, and that the tube D 
is made to proceed almoſt as far as the top of the veſſel 755 for 
if the oil was permitted to come out of the aperture E, it 
would be feattered about the inſtrument and the operator, by 
the violence of the air coming out of k. 

As this pump exhauſts exactly 1 in the fame manner as other 


pumps do, the lever which opens the valve at the bottom of 
the barrel is not to be moved, except when fach a degree of 


| exhauſtion is required as cannot be made by the inſtrument 
itſelf, vis. when worked in the ordinary way. In fact, it will 
be ſeen by the gage, that when the mercury cannot fall any 


lower by the uſual way of working the pump, it will be in- 


ſtantly depreſſed by opening the valve at the bottom of the 
barrel, which evidently ſhews the great advantage of the im- 


provement. In general, the lever may be begun to be preſſed, 


or, which is the ſame thing, the valve to be opened, when the 
gage 


which — comes * this tubs RS, 424 22 of 12 


As ſome ſmall quantity of oil is always neceſſary to be put | 
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gage ſhews that the exhguſtion of. the air i is to about rc times 


VIZ. that the quantity. of the a air remaining within the: receiver 
is about the; one - hundpedth part of the air that was contained 
in it before the exhauſtion was, commenced. Care muſt be 


taken to open the valve only whilſt the piſton is drawing up, 


and to remove the foot from the lever, the moment that the 
_ piſton i is. impelled downwards, otherwiſe the work is uſeleſs. 
In the ſituation in which the pump is ſhewn by fig. 1. pl. III. 
it is evident, that as the action of the pump determines the air to 


move from the tube RS into the barrel and from the barrel up 


the tube Dr, &c.; it is evident, I ſay, that if a receiver is placed 


upon the plate th, the air will be exhauſted from it. But if the 
ſtop- cocks Z and 5ᷣ are ſo turned as that the ſide hole of the 


cock 5, as well as that of the cock 1 turned towards X, 


then, by the action of the pump, the air, inſtead of being 
exhauſted, is condenſed into the receiver properly placed upon 


the plate tf; for now the air coming from the atmoſphere 


through the aperture X goes down the cavity of the tube RS, 
enters the barrel, and from the barrel is impelled upwards 
through Dr, through pn, through a, 6, d, and laſtly into the 
receiver, which in that caſe muſt be preſſed down, as is uſually 
done in condenſing engines. This ſituation of the ſtop-cocks, 


viz. when the inſtrument is to be uſed as a condenſer, is ſhewn 


in fig. 2. of plate III. Two letters, E and C, marked upon 
the ſquare top of each cock, dire& the operator how to turn 


them, whether for exhauſting or for condenſing. 
The conical holes X and &, fig. 1. plate III. are made to re- 
ceive occaſionally the extremities of two ſtop- cocks. Thoſe 


ſtop-cocks are fitted to the holes H and & by grinding, and a 


bladder is adapted to each of them. The uſe of this contri- 
vance is to introduce into the glaſs receiver ſome particular ſort 


of 


ait 


contained in"the receiver. . Thus, Kippoſs P wagt to Iutrd N 
due ſume fixed air into the receiver; firſt, I exhavft the com- 
mon. tir from the receiver, then put the ſtop - cock of a bladder 
containing fixed air to the hole X; laſtly J open the Rop-cock 
of the — and turn the cocks #Z, fo that their fide-holes 
may be turned towards X. and by working the pump the fixed 
air will immediately paſs from the bladder into the receiver, If 
now this ſame fixed. air is required to be introduced into 4 blad- 
der again, the ſtop-cocks muſt be turned with their fide holes 
towards &, and a ſtop- cock with an empty bladder is put-to the 
hole +; then, by working the pump, the fixed air will be gra- 
dually introduced from the receiver into the bladder. 
Having finiflied the deſcription of this improved Ar- bmg 
which, beſides its exhauſting much better, has various other 
advantages over any other inſtrument᷑ of the kind; I ſhall con- 
clude this paper with the ſuceinct account of ſome experiments 


made wil ir, — to n how nk can "ny 
m 72 0 
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4 gene. made with the 22 agen, 
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to mention, that both the plate, and the lower edges of the 
recewers of this pump, are ground fo perfectly true, as not to 
require any leathers; not even oil; however, ſor greater ſecu- 
ty, ſome oil is generally poured on the outfide of the edge of 
che receiver, after having exhauſted it a little; and it is very 
ſeldom, that any viſible quantity of this oil paſſes within the 


teeeiver, between its edge and the plate of the pump. 
Voz, LXXIII. Nun 


When 


"oY plate. — . 
A of a — id — the inſtrument is worked for 


about three or four minutes, the quickſilver in the ſmall tube 
of the gage falls ſo low as to be even with the quiekhilver ; in 
the outſide tube, Which ſhews as if the air were entirely ex- 
hauſted from the inſide of the pump; but as it is difficult to 
14 judge whether the two ſurfaces of the mercury in the inſide 
and outſide tube are quite on the ſame level, and even if they 
were exactly ſo, there could always be ſuſpected that a little 
air may be lodged within the gage, notwithſtanding that ſeve- 
ral gages of this ſort have been uſed, in ſome of which the 
mercury had been accurately boiled; we muſt, therefore, have 
recourſe to other gages, in order te determine the exhauſting 
; power of this pump with more preciſion. Accordingly, the 
pear- gage and long ——— tried, the effects of 
which will be related in the ſequel. * 8 23-119; 
If, inſtead of ſtopping up the hole in the — ep pump, 
A glaſs receiver is laid upon it, and the pump is worked, the 
gage will alſo come ſo low as when no receiver is put upon it; 
but it muſt be remarked, that after exhauſting and leaving the 
inſtrument in that ſtate, when no receiver is upon it, the quick- 
ſilver in the gage will be riſing for about one hour, ſo as to 
aſcend one-tenth, or at moſt one-fifth of an inch above the 
ſurface of the quickſilver in the outward tube, and then it re- 
mains ſtationary; whereas if the experiment be repeated when 
the receiver is upon the Plate, the degree of exhauſtion remains 
unaltered, the mercury not riſing at all in the ſmall tube. This 
riſing of the quickfilver in the firſt caſe ſeems to be occaſioned 
by ſome ſmall quantity of elaſtic fluid, that is yielded by the 
oil contained between the parts of the machine; for this quan- 
oy of elaſtic fluid can occaſion a ſenſible difference when the 
exhauſted 


_ 


— ſpace enen 
quite inconſiderable — DA ins — 
quantity Abearing a very mall proportion to dhe erhauſted 
ſpace. 5111 i 0314 1 d r EA l alto „ 311 
It is of great advantage in this pump that ve y little oil can 
be lodged in ir, becauſe then-the: elaſtic fluid yielded/by this 
fluid is in ſo ſmall a quantity as not to affect the experiments. 
As for the oil, which by the working of the pump is accumu- 
lated into the oil veſſel, it cannot inter fere with tha exhauſtion 
of the pump, ſince it e not comments with, the,cavity | 
of the receiver. #36 ll 1101 ied 6 3 IC 441.2 

The exhauſting, pamer of thisip pmg Was Bent, emibed 
with the pear· gage, made and placed under a receives after the 
uſual manner; and by this it appeared that the pump exhauſted 
ſo far as to remain within the receiver leſs than the thouſandtn 
part of the air it contained before the exhauſtion Me v7 In that 
caſe, the quickſilyer in a ſhort barometer-gage came to the ſame 
level in both tubes, which proves that, by this laſt mentioned 
gage in that ſtate, the air is ſhewn to. be rarefied at. leaſt one 
thouſand times. 
Laſtly, a long buy or hin is called a 155 3 
gage, was adapted to the pump by means of a bent braſs tube. 
This glaſs tube went down along the ſide of the wooden frame, 
and its lower end was en! in ſome een _ in a 
proper ciſtern... ves | 
On working Fa pump, ant al ** a —_— were an- 
nexed to it, there appeared, that the quickſilver of the ſhort 
gage came to the ſame levebin the inſide as well as outſide tube, 


} 


* Wester the pear-gage Was uſed; care was taken to keep the inffde of the 


receiver, of the pear-gage, and of the pump, as free from ' moiſture as it was 
posible. . 


Wo. that 


in agg ls ab romete1 indicate 
à degree of rare faction abovt ese thouſand! pt, 4 6 
known, whether the quickſilver had been boiled into the-tube: 
of this batanieter, -to which the long d romet 
compared, therefore a barometer was accurately made for chat 
— The glaſs tube had been juſt drawn at the glaſs- 
hauſe. It was perfectly clean; the quickſilver was boiled" in in 
the whole length of it, and care was taken that the dimen: 
ſions of the tube, ciſtern, and diviſions; | were alike both 1 in 
this barometer and in the gage. This done, the pump was. 
tried again, and the quickſilver in the long gage roſe 
one · twentieth of an inch of che quickſilver in the barometer 
or rather leſs, whach ſhews that the air- Was rarefied little Seve 


600 times; but at this time the pump was not in proper order 
for trying ſuch nice experiments. It was leaky, and had not been { 
taken to pieces and cleaned for above fix weeks, in which time it 


had been frequently uſed, and continually left expoſed to the 


duſt of a-working-thop : yet it ſhews, that in theſe unfavoura- 


ble circumſtances this pump can rarefy the air above 600 times. 
Conſidering all the above-mentioned: ciccurnſtances/and' expe- 

riments, I think it may be concluded, that this pump, when 
in good order, can rarefy the air about one thouſand times. 


pump; reſerving to give a more ample and cireumſtantial 
account of them for another opportunity. | 


When the air-pump was in good order, a-glaſs. receiver, 


Which had a braſs cap cemented to its upper aperture ot neck, 
was laid upon the plate; then the end of the prime conductor 
of an electric machine was placed within half an inch of the 


cap 


et6r-gags had been 
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' ſhall, - laſtly, conclude. this paper with a ſummary account 
of ſeveral electrical experiments, which were made with this 
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paftod from the eap to the plute of the pump through t· lb . 
ceiwer, Inumminating its. whole cavity.” The te perfet'thie 
vacuum was made, the better condudtbr of elecktitity it be- 


came, and the ce Hght was more ecfiably Baſed in it; 
but it beeame: dy no means frint, even when the cee fs 
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In this ſtate, or even when the NA within the receiver was 
rarefied not above 100 times, if the braſs cap of the receiver 
was made to communicate with the ground by means of good 
conductors in perfect contact, the light within the receiver 
occaſioned by the electric ſparks given by the prime conductor 
to the cap of the receiver was thereby diminiſhed, but it did 


not 
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Ir tion, vr. that the extremity of aha 2 
tact with the cap of the receiver, the 
> electrie light within the receiver were very nearl me 
CO in the preceding experiments; but if now the cap of the re- 
made to communicate with the ground, the * 
: within 1 exhauſted receiver vaniſhed - inticely, though the 
electrical machine ne acted very vigoroully. ET ESE + 
| When, a pith-ball eletrometer was ſuſpended within the re- 
ceiver from its braſs cap, and ſome eleckrieit was communi- 
| cated to the outſide of the ſaid cap, its balls diverged very little 
when the air within the receiver was-rarefied about 100 times: 
epulfion/ was hardly diſcernible when the air was rarefied 
about 300 times; but in a greater degree of rarefaction they did 


not diverge i in the leaſt, and that was the caſe whether a ſmall | 


or a large quantity. of electric fluid was commune ite to the 
,_ _ eapof the receiver. . 1 2 
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I do not mean to trouble vou with t the peruſal 


5 of the week, but only to ffate to, vum 
: reſults, and to requeſt your | kind communication of your obſer- 
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Win. Extratt | f 4 | Letter from the Rev. James A 


Hamilton, M, A. 10 the, Reu. Nevil Maſkelyne, D. D. 


1 giving an Account of his Obſervation of the Tranſit of 


* Mercury cer the Sum, of Nen 12, 1782, luder Cock. 


Town, near Dungannon, in Ireland. en 
| Real Api 20, TY 44.70 amd 
(EF; 23S "= £01 D33%S; J Din 260. 1 $4 14% | 3]6R"'#7 

14 51 mc Sh 
nes n i ie 2611 


ROM the very :adulpens, eye with which you regarded my 
; aſtronomical wiſhes, when I had the pleaſure of ſeeing you! 


at Greenwich, 1 make no doubt of your pardon for offering, my 
imperfect efforts, towards obſerving the late tranſit of Mercury, 
af, the laboufz 


general, apparatus and 


vation of the ſame phznomenon, if it occurred at Greenwich. 
I. have only a good common clock with a varniſhed deal pen 


dulum, moving ſidereal time; a tranſit-inſtrument, of four feet: 
| eight inches focal diſtance, with a triple object glaſs, and the axis 1 
of two feet, on ſolid ſtone pillars, the baſe: common to both, 


each Pillar bein g a fingle ſtone of five feet high: the collima- 
tion. is conſtantly attended to, and was examined a day or two: 
preceding the tranſit by an obſervation of the * polar. 1 (the 


The weather being hazy N the horizontal meridian mark being. 


diſtinctly obſervable. 
6 only 


80 three ** aperture, triple object- glaſs, and uſed a magnifying 


e 3 5 or bak, aber ee the 
ed" to be 21", flow, its rate for the week loſing 


356 — revolution. E Gbſerved with an achromatic tube of 


power of about 90 times, which I preferred on account of the 
ſtate of the atmoſphere. At abotit two o'clock I ſet a ſtop 
watch to apparent ſolar time, and placed myſelf at the tele- 
teöpe within hearing of the beat of the tranſit- clock. I kept 
the Part of the diſk where I expected the ingreſs in conſtant 
ew, i asbribemg Areeredc by" a vertical wire in the eyx- 
ester and af 2 K. 21 of Hloppe# ttie watch, ard counted 26”, 
Where of my y Having really perceived the firſt impreffion 


ten 1 appichend* could act have been fhewn 1“ fooner by 
the power, &e. Fuſed). Titten foppsd -Webndds to the clock, an 


; 333 ald found, Ther the feſt external 
contacr h W439 Hythe elbck, or 2h. 21 a, 
e. Mercury Cimeé ti Rke u liner black; point, 
withoi any Wow Pane or appearance of atinoſphete ; 
and at 1) hi 39" 10“ by the clock, or 2 h. 27 43” apparent | 
tine; ie thread of . light ſeemed compleared, and then T date 
the internal contact. had no inſtrument fit to take any 1 mie 
crometer meaſures, b continued otily looking at the planet till 
the ſun got fo low, that the limb: preſenteck the appekrance of 
a troubled fea at a diſtant horizon, among the waves of which 


Mercury once more plunged at about 18 h., 52', and the ſun and 


Tante of Mercury _ the Sun. 455 
Planer both left my view at about 18 h. 57'; but theſe obſer- 
vations are only good conjectures. From my beft obſervations of 
celipſes of Jupiter's firſt ſatellite, of a ppulfes of the moon's 
centre to the meridians, and lunar diſtances "with A HADLEY Q 
quadrant, I make my Tongitude 263 35” W. (nes catly), and my 
latitude by a mean of many obſervations, i is 54 538” 20”, 


I have: che honour to pe, &. 
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flow > 21% aut by an obſervation of the paſlage-of JyraCor- 
rected rien 8 your tabk 8, After che lngneſs. of. Mercury the 
d bp rec to be 21% flow, its rate for the week loſing 
1% 5 per revolution. F: obſerved with an achromatic tube of 
three inches aperture, triple object- glaſs, and uſed a magnifying 
power of about go times, which I preferred on account of the 
ſtate - of the atmoſphere. At about two o'clock I ſet a ſtop 
watch to apparent ſolar time, and placed myſelf at the tele- 
fcöpe v within Hearing of the beat of the tranſit- clock. I kept 
the part of the diſk where I expected the ingreſs in conſtant 
| Yew, my ſchelberg direfted by" a vertical wire in the oye- 
_— and ar 2 F. 241 #3 to ppec tho watch, 'art# counted 26”, 
 Whbeſure of my having really roctved the firſt impreffion 
(hieb appichend” could? not have been thewn 1“ fooner by 
he power/&e. Fuſed). Titich mopped Neebnds to the clock, and 
comnedupronk re nikivate, and för m8, kbar che firſt external 
at 51990 Hy the clock, or 2 h. 21 45, 
rent titne. Mercury” & pe re a Mftinet black point 
without any Peeedgg Hazinefs o appearance of artolphete : 
1 and at 17 h. 39 ro"! dy the hs or 2 h. 277 43” apparent | 
bo time; the chreack of light ſeened compleared;, and then T dats 
the internal contact. | had no inſtrument fit to take any mie 
crometer meaſures, fo continued only locking at the planet till 
7 the ſun got fo low, that the mb 'prefente# the appekrance of 
15 a troubled fea at a diſtant horizon, among the waves of which 
Mercury once. more plunged at about 18 h. 52, and the ſun and 
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3 © Trafic of Mercury * rhe Sun. 
planet both left my view at about 18 h. 55 but theſe obſer- 
vations are only good conjectures. From my beft obſervations * | 
elipſes of Jupiter's firſt ſatellite, ' of appultes of dhe moon 
centre c the meridians, and lunar distances with A HADLEY'S 
quadrant; I make my Tongitude 26 35% W. (neatly), "and oy 
latitude * a mean — obſervations, i 18 54367 20 8 
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citius fertur motu angulari radius curvedinis et remotius idem 


cenſenda eſt, ut in opere, quod Methodus Fluxionum inſcribi- 
tur, illuſtriſſimus NR wWẽ TON Us nos docuit. Demonſtravit præ- 
terea MACLAURINUS in propofitione trigeſima ſexta Tractatus 
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xxv. Methogin nana Lineas Curnas, « en Froprietatibus V. a- 
riatianis Curvature. | Aubtore Nicolao Landerbeck,  Mathef, 
 Projeſ i in Acad. Upſalienfs Adj guncio: 7 communicated W N £0 


Maſkelyda, D. D. F. R. S. and Sener, Royal. 
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\UALITAS curvaturæ in diverſis lineis diverſiſque earum 
punctis diverſa reperitur. Circulo ubique eadem eſt cur- 


vatura, quæ in alia quavis curva, continue crefcendo vel decreſ- 
cendo, figuram ab uniformi circuli variat; quo enim majori ve- 


locitate progrediens creſcit vel decreſcit curvaturæ radius, eo 


citius curve a circul oſculatorii curvatura deflectit; et quo 


majori celeritate iſochrona ipſa curva creſcit vel decreſcit, eo 


curvaturæ gradus locum obtinet, quo circulus curvam oſculans 
eam in angulo majori vel minori in puncto contactus ſimul 
ſecat. Hæc curvature a circulari aberratio, quæ curvature 


variatio nuncupatur, etſi alia f in alia curva gaudeat proprietate, 
menſurꝭri et exprimi poteſt generaliter per rationem fluxionum 


radii curvedinis et curvæ, quæ ratio proinde variationis index 


de Fluxionibus, quod index hic variationis curvaturæ curvæ 
cujuſcunque fit ut tangens anguli, linea punctum in curva et 
centrum curvaturæ evolutæ jungente et radio curvaturæ in iſto 
puncto comprehenſi; cujus analytica expreſſione, quæ pro 
quavis curva calculo differentiali facile habetur, intima curva- 
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rum examinare licet, ut non "fours puntura ejuſdem curræ, 
- ubi inequabilitas curvaturæ eſt vel nulla vel datæ magnitudinis 
vet anima vel maxima vel infitä « erminare,> (64 Uhian Cur- 
vas in inter ſe eomparare valeant matheſdos periti, ut quibus punc- 
tis curratura ſit æqualis et ſimilis diſcernere queant. Methodum 
ex proprietatibus yariationis curvaturæ inveniendi curvas expli- 
cCatam adhuc non vidi, que, fi detecta et explicata fuerit, quan- 
tum matheſeos ſcientiæ interſit, quemque præbeat uſum in pro- 

blematibus tam mathematicis quam phyſicis ſolvendis, quæ a 
: Eurvatura dependent, mathematicorum eſt judicare, quorum 


etiani judicio, quæ ad methodum hanc W feci tenta- 
mina ſubjicio. | 
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cave vel convexæ, index variationis cur- 
vaturæ, ſeu tangens anguli DCF, radio 
curvaturæ CD in puncto C et linea oF,” 
punctum C et centrum curvature F evo- 
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© Exempl 1. Si invenienda ſit curva, cujus variatio curvaturæ 
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ordin atam per theoremata præcedentia inveniendi aditus patet. 
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T TAKE the liberty | to Winner to you the following account 
aof a very ſingular variation in Algol or G Pecſei, which von 
will oblige me by preſenting to the Royal Society, if; you think 
it deferving that notice. All chat has been hnherto known 
concerning the variation of this ſtar, as far as I can find ifter 
the moſt diligent reſearches, is compriſed in the following paſ- 
ſage in du HAMRL's Hjtoria Regie Scientiarum aue liber 
IV ſect. 6. caput VIII. de rebus Aſtronomicis, ann. 1695, p. 
362. d quoque teſtatur D. MoNTANARI ltellam 1 
Meduſæ, diverſis annis, variæ eſſe magnitudinis: : nullam pene 
ein ea mutationem potuit advertere D. MARALDI annis 1692 
ret 16933 ſed anno 1694 aucta eſt et imminuta infigniter, modo 
* quarti, modo tertii, modo ſecundi ordinis ſtella apparuit.” 
This, however curious, is only a very vague and general infor- 
mation; but the following obſervations, lately made, exhibit 


a regular and periodical variation in that ſtar, of a nature hi- 
therto, I believe, unnoticed. 
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HINT bh 0 wah I Flock K a>nighe; 1 r aps 
peared of about the fourth magnitude; but the next day it wa 
of the fin agnitate, which is tb ufual app. Oh 
the"28th of December following, I perceived jt td wary dgain 
thus; at if R. in the evening, it was about the fourth màgni- 
tude, às on the rach-zof November daſt; but at 81 h. I was 
much ſurprized to find it ſo quickly increaſed as to appear of 
the ſecond magnitude. My friend Mr. D.] ARD p160TT, whom 
1 informed of this ſingular phænomenon as ſoon as 1 Yaw j it, 
alſo obſerved 1 it; and I had the pleaſure to find that his obſer- 
vations coincided with mine. The fubſequent obſervations 
which I have made on this ſtar are very particular ; . and I think 
it will be beſt to give a brief extract of them in ther order 
from my journal; but it is neceſſary I ſhould firſt ſpecify the 
vſual and greateſt magnitude of Algol, as alſo the relative 
brightneſs and magnitude of thoſe ſtars to which I ces it 
during the progreſs of its variation. W nien 
The uſual and greateſt magnitude of Algot f is this; of 4 
ſecond magnitude, much leſs bright than  Perſci, and not fo 
much as Andromedæ; brighter than a Caffi iopeæ and 0 Axie- 
tis, and nearly the fame, If not rather brighter, than » Pega 
and 8 Caſſiopeæ; not quite fo bright as y Caſſiopeæ, and much 
brighter than e Perſei and 3 Trianguli. The relative bright- 
nefs of the ſtars to which 1 compared It during the progreſs of 
its variation is as follows; z Caſſiopem is the brighteſt, arid of 
near the ſecond magnitude; g Arietts is the next, and of be- 
tween the ſecond and third magnitude; : then' Perſei and 8 
Trianguli, both of the third magnitude; . "£4 Perſei is ſomewhat 
leſs bright than Perſei, and alſo of the third magnitude; 
8 Perſei is leſs than & Perſei, and rather of between the third 
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At 6 h. it was varied from its uſual i base, but rathet 
brighter than frAgietiae-'; *, > to. cio 9 of] 811 
At 64 h. equal.dA:frictis, Fg adn: A: "Little: Icfs 'bright, 
aul of berwteen the ſecond and third maguitude. £1. $I I 
At 7 h. third magnitude; not o bright as f Arietis, and 
equal to G Trianguli. nen 
duft, 2 he near the ſame a8 Sat 1. but thought it as che: 
leſs bright than 8 Trianguli. en at 1 2113 n 27120 
9 At 81 b. between the third and ben . not t quite 
ſo bright as g trianguli, and rather * dom: e and ann 
a little brighter than 4 and e Perſei. „ISI > 0 ZO3A 
5 At gh. about the fourth 8 equaltog Perkei. 
The weather was cloudy till 114 h. When it appeared to be 
of the third magnitude; much brighter * e Perſei, and 
rather brighter than * P erſei. 1 3 O03 48979 1yods . H | ir JA 
At 121 h. between the ſecond and third 1333 and 
brighter khan 8 and = Perſei and E Trianguli. e 
January 17. SIUGTUGYST 
At-73 bat was of the third ragnicedes equal t0 & Bad, 
* rather leſs than 8. Trianguli. 150 Þ £12151 4950 Hig 13314 
At Sch. a very little brighter that . Perſei, and FA 10 2 
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At 13 b about the Wa of -CPerſei, and muck brighter 
than ę Perſeiʒ - but the ſky was not favouf able: 4 
At 145 h. about the fourth magnitude, andequalto' Perſes; 
but afterwards increaſed. | eee BIUN off N 3A 
1 NT Februaty 6. 404 30% nt T Y 03 Hops 
4 Ar. 63 * e aher a little brighter than res) And 
between the third and fourth magnit 67 1.2 811 <= 
At 64 h. about the third magnitude; not 10 | * t 15 8 
Arietis, but brighter than g Trianguli and : Perſe . 
At 64 h. about the ſame brightneſs as g Trianguli and «Perſe: 
At y b. between the third and fourth magnitude; not quite 


ſo bright 28 6 Trianguli, nearly * to U . and a Uttle 
brighter than o Perſei, i 93.16 
At 71 h. about equal to ę perſei, aid neatly of the fourth 
magnitude but the ſky was not favourab lee. 
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. $6. The fesstel white, 6s Pißfelkr Mcleerpkstas Linn=i; th only ſpecies 
of whale m Whick ambergtiſt is found, p. 230“ 245. 7 — by Which it may 
| be judged whether the whale has ambergfiſe in it, p. 257. Matiner of akin it out, 
and in what part it is ſituated, p. 232. Changes by degrees its confiſtence, colour, 
and ſmell, on being expoſed to the air, ibid. 2 35. Found in the voided fæces of the 
m — 2 . Cluſius' and Dudley? s accounts of it quite wrong, ibid. Is found in 
1 n ſuch large pieces, or of, ſo good a quality as in males, p. 234. 
2 «= 1.7.7 E comes bee the truth, ibid. Enquiry whether it is gene- 
rated in the bowels of the whale, or whether it is taken in with the food, p. 235. 
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That found in whales. is not of an inferior quality, or leſs in price, than that found 


upon the ſea · coaſt, ibid. Is generated in the bowels of the Spermacei whale, p. 
239% | Chemical odjektions auſweted, p. 238;. "Gable of ambergriſe | being ſo often 
adulterated, p- 239. Its uſe in Europe, ibid. And in Aſia and Africa, p. 240. 
Ariftot, ſaid to be the baſk obſerver of the lunar os. ſaw but two in 1 *. 
p- 102. i 
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Batcherees. See Galam. 
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Belidor. ee lee ofthe Ar. EY wn e 
Bergman. See Mineral AI. ee 

Buber, Dr. Lambert. See Seeber. 1 OE TY ET TTY 
Black, Dr. See Quichfitver, Has fd IS mh DEE, 

Blacks, in Africa, vety apt to call ane ſelves older than * e the; 2d 2 p 
88. Ignorance and fuperſtition of thoſe about Senegal and Gambia, p- 90. . 
Black Canker ' Caterpillar, account of that which deſtroys the turnips in Norfolk, by 
+ William Marſhall, Eſq. p. 217. - The turnip erop is the baſis of the Norfolk 
huſbandry, ibid. Great damage done by the Black Canker Caterpillar in ſome- ſea- 
bons, p- 218. Appearance of the yellow fly, from which che canker is ſuppoſed to 


todes and th the great deſituRtion;cauſed by them, wid. p. Ard. |Drieripion of them, | 


„ Ibid, I nts wich which AAS e the 
Sof her exgs, deſcribed, 5.220. 
i ſorming its chryſalis 
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Black wund, ſome experiments upon the Ochra friabilis nigrachiſcs of Da. Caſta, .called 
ahr the miners of Derbyſhire, Black Wadd, by. Joſiah Wedgwood, p. 284. May 
are 2 called * as Owe r. ne f — 
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* M. Joh Frederic. See eee. 
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che e, dangerous conſequences of aug i o excels p- 93. TO" e IE 
Cazalet, M. See Quickfibuer. | 8 | 
Chappe 4. Autericbe, Abbé. Gee Quichfiloer. 22 | 3 JA Sees e 4 * 
Chaulnes, Duke de. See Sel fufible D'Urins «© . 

Chymic al affinity, or traction. See Mineral Acids. _ Or om wa 
Cicirelli, a fiſh like white-bait, on the coaſt of Calabria, p. 200. eee 
Cuuſus. See Ambergriſe, ee, eee 
Cold, is not produced by mixing ſnow with any fublſtance, unleſs part of the m0 18 
diſſolved, p. 314. eee 
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— Count Fr.: Ippolito's letter to Sir William Harmilton; K. B. ing an 


+: aecount'of that in Calabria, March 28, 1783, p. i. Calabria at all times expoſed to 


terrible convulfions, ibid. Cauſes of thoſe phenomena, p. il. Dates of the four 
5 — 3 maſt 
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Curtle-fih. See Aubogriſ. Grows 10 an enormous fze in the ocean, p. 236. "Ne 
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eee ester dee Ewe h ab W itte Un n 
i Kat of- water : ane fur bite R866 a6d en, . Ki. 
ho 10 mgm eg) 28. and, m van ons of the earthy; (fd. 
-Sidbdertbibia ele abt ether) dri bi inar - nolſes hard, h. ür. Sate of the ur, 
l P eee, hid; Other dhndHul nffeßtg, p- v. Fiſſores in the xaptb, 
en Whcthce ele drie fte i fippolet 'to-hivt enped, ibid. Romatkable changes in 
the water of 8 l at Maid, an anather 8 Catingare, ibid, Many favnuins 
' were dried up, and. others. brake out where there were none behane, p. u. & ne 
hilloc formed in the river of Borgio, and an olive grand avigiorned; veer the: tiver 
Lameto, ibid. Various phznomena which Precedad: the 'carrhaquaks, wic, 8 


P: 209. , AN i 2 AN N. Is; eee 
i account of Sale fix Wales; 'by Jed Blige F. ss. OE i UN 
Abel, account of thoſe which happened in Italy, from February to May, 1783, 

by ir William Hamilton, K. B. p. 169. Duration and extent of them, ibid. Va- 
- fious* tliotions of the earth, p. 170. The face of the earth ende, ntize Xa 
Altered, with the dreadful changes wade thergin, 
„Haunted in Calabria Ultra, p. 171. Accounted is, > 192. Number of Tonk y 
and villages'deftroyed or damaged, ibid. Returns of the _perſons kijled ta the ſeere- 
ary of ſite's oflite in Naples, p- 1 - See Gerace, Terrible effects a: Seilla and 
the pott of the Faro of Meſſina, ibgd.. ee p. 198. Wbere many were killed by 
the heat of the water, p. 174. See 5 p. 183. 194. 202, 203. Times of the moſk 
violent and longeſt ſhocks, ibid. Only the firſt. and laſt fel at Naples, p- 173 · Ne- 
n arkable —— in the 1 of C aleaz . Dread nes 4 


174. -Poizo i in Calabria Phra entirely ruined, , 5. 275. 7 rr diſte nper 
takes plice there, p. 176. The volcano at Stromboli lefs viglent during the eaxth- 


Ae hone mo years pad, bid. Momreleone-errathy. damaged,,p. 177. es 
Moitelont,” Phenomena preceding the ſhocks, p. mag [Which the cattle appeared to 
_ ke fexfible of, b. 3794, 197+. Animals preſerved without fogd in the ruins, ibid. 2050 
The babitati- ns on the high grounds ſuffered leſs than thoſe in the. plain, ibid. hee 
p. 198. Soil of both deſcribed, ibid. 180. Holes in the earth, from which fohn- 
tains iſſued,” ibid. Thoſe fountains accoqmted for, ibid. Poſitions in which the dead 
+ Were uſually found, p. 18 1. The town- gaod the only building unhurt at Roſarno, p. 
182. Deplorable condition of the country between Laureana and®Polifiene, p. r. 
Lives loſt in che laſt- mentioned town, with the humane behaviour of the Marquis Sr. 
Giorgio, p. 184. The removal of Terra Nuova aceounted far, p. 169 Number 
of nves loſt there, p. 186. Several ſurprizing phznomena accounted for, ibid. p. 
188. A man plovghing tranſported, with his field and team, acroſs à ravine, p. 
ibi Diſhreſlad enntitmom of Don Marcello Griallo, p. üg. Amazing)alierations ia 
the face of the country near Oppido, ibid. Aatouyecd far, pi 1j 1 t. Re- 
„ ei very bin en n. *. Naunher-of 
lives 
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of the fire which ãſſaed from ihe earth in mary. places, p. 394+ 99+} Fanther a 

ol the mannet of the ſhocks, ibid. n ö 
195. See Atrume. Humadity of-the Abp. of Reggio, 5. 19. . Earthquakes th 
4770 and 1780, ibid. Effeckr af abe earthquakes on ide fiſhes, Spe 2 
Caſe of a gitl-whoſe foot was cut off, by a barrel, pr.. Neaſons for believing the- 

3 were . — 206205. „ llsw r to tei 3 

Wee ene . 936. r ee ee 1,947 ele It | 

Elterlein (end, de Ses, Hogs wit 19 28 4, r „ „bid; * (Mgt 

Endemial diſeaſes, what, p. #5. ORE 


Endiqneter, an account of 3. gem, Gen. * Henry, Qavendiſd, Ey 5. 8 That: 
Invented by the Abbe Fontana by much the moſt accurate hitherto, publiſhed, ihids, 
., Obſereajiong.on different methods of mixing airs, ibid. Oae propoſed, which ſeems 
ee Acgurace. than. the. Abbs Fogtana's, p. 103. See g. 342+ 126. Mr, Cavendifh's- 
_APPU3tus. deſcri bed, p- 108.7 His iwo, methods of proceeding... ibid., Norych- 
Sanding the Abbe Fomang's pregautions, in meaſujing the. Auantity of, air ned, bet 
method is liable to very conſiderable errors, p. 109, Miexbod pf weighing, tho £0p-- 
taining veſſels under water, ibid. A caution to he gbſerved in this manner of deter- 
mining the quantities by weight, p- 110. Mr. De Sauſlure' 's methed of, weighing- 
the quantity of air, ibid. Method of determining, the proper, quantity. af njteqvs- 
air, p. 111. A ſhorter method for trying common. aig, p.. Al 27. 0 ger vatians oe 
different methods, p. 112—115. Table ſhewing. the dimiautiqn produced in bing 
common air with different kinds of water, &c. p. 116. Chief cauſe of uncertainty 


In trying the purity of air, ibid. Beſt Nax of obviating it, p. 117. Experiment 
with diſtilled water purged of its air by boiling, ibid. Table of the obſerved. and 


corrected teſts of the diminution of nitrous air by ſhaking in the water, 518. 
Table of the uſual diminution on trying common air with different quantitica of 
nitrous air, when diſtilled water ugs employed, p. 119. Obſervations thereop, ibid. 
e the fyſt gud. ſeqond, mee mien We-. P. an. — — | 
trying whethe — — N36. Ohſer- 
vations. on the reſult thereof, 127, 128. Rule fer computing the ſtanderd of any 
mixture of. dephlogiſticated aud Phlagiſticated air, p. 130. Table, f Ade ftandads. 
anſwering to different teſts on the author's and Fontana x ęudio meters, p- 11. Re- 
marks thereon, p. 132. Different methods of procuring phlogiſticated air, 133. 
Our ſenſe. of ſmelling can, in many caſes, perceive inſinitely ſmraller alte | 
purity of the air than can be perceived by the nitrous teſt, pe 234+, * 
Exe nlellas a. deſcrigtion of apew gonſiruRion, of, for As 
* tomathematical inſtruments, by Mr. Ramſden, p. 94. In teleſcopes apphed ta mathe- 
matical inſtruments, the interference of the firſt eye-glaſs before the, image is Jormed is 
. Productive of many bad conſequences, ibid, See Micrometer, Prin. Advani cageous- 


poſition of the eye-glaſſes, p. 96. 
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Hellant, M. Andrew. See Quichfitver. 
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Land, B. De la. See Solar Spats, Sim and Solar gon. i een 
Landerlech, Nicolao. See Lineas Curvas. = 1 
TLarmam, M. Erich. See 2uickfilver. 
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Loghtning, letter from Mr. Edward Nairne, l an bn t of 1 Mortened | 


- by lightning, p. 223. Courſe of the lightning from, a leaden pipe wirhout the 
- houſeto the wire of a night · bolt within, ibid. State of the wire before the actident- 


. -3bid. And after, p. 224. When it was ſhortened ſome inches, ibid. Reaſon why 


; Wires, if not melted, are generally broken when the lightning has paſſed, ibid. 


of ſteel {truck off by ſtriking a light, ibid.  .- ofa PLL 


| Lineas curvas, methodus inveniendi, ex proprietatibus variationis Prune auctore 
Nicolao Landerbeck, matheſ. profeſſ. in acad. Upſalienſi adjuncto, p. 456. Pars 


prima, ibid. Theorema I. p. 457, Schol. 1. p. 458. Schol. 2. p. 459. Exempl. 


1. p. 460. Exempl. 2. ibid. Exempl. 3. p. 461. Theorema II. p. 462. Cor. 


1. ibid. Cor. 2. p. 463. Schol. 1. ibid. Schol. 2. ibid. Theorema III. p. 
465. Cor. ibid. Schol. 1. ibid. Schol. 2. ibid. Exempl. 1. p. 
IV. p.467. Schol. 2. ibid. Exempl. 1. p. 468. Exempl. 2. p. ibid. Theor 
V. p. 469. Exempl. 1. p. 470. Theorema VI. p. 471. S ibid. an. 
ibid. Theorema VII. p. 472. rr. 473. Exempl. ibid. % hf 

La John, Eſq. See Earthquakes.. - 


tion of one ſeen at Wycliffe, near Greta Bridge, Yorkſhire, Feb. 22, 1782. Only 


two deſeribed with any accuracy; one by Plot, and another by Thoreſhy, p. 100. 
101. State of the weather when the above appeared at Wyeliffe, p. 101. A ſecand 


- ſeen at the ſame place, July 30, and a third, Oct. 18, 1782, p. 101, 102. The 


ibid. By what they ſeem to be occaſioned, ibid, See 3 S 


Lucid diſk. See Georgium Sidus. | e 
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Are, almoſt every. b Kadle to owe incomeniences and deceptons, . 
Many defects in that with moveable wires are ——— 
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— n be 1 * — ok — pe 18. 
- Copper d the vitriolic acid, p. 18. Copper in nitaus acid ibid. Corper in 
marine acid, p. 20. Tin in the vitriolic acid; ibid. Tia in the 21. 
Tin in the marine acid, ibid. Lead in the vitriolie acid, ibid. 1 — 
- acid, p. 88. head in the marine acid; ibid. Silver in the vitiolie acid, ibid. 
Silver in the nitrous acid, p. 23. Silver in the mute acid, ibid. Gald im agua 
- Ifercury in m. aviacid,. ibid. Tinc in vitriolie acid, p. 26. Zinc in nitrous acid, 
ibid. Zinc in marine acid, p. 27. Biſmuck in vitiolic acid, ibid. Bifmeadviin 
— nitronswnd, ibid. Bimuch in marine acid, p. 28. Nickel in vitriolic acid, ibid. 
Nickel in nitrous acid, ibid. Nickel in marine acid, ibid. Cobalt in vittidlic 
acid, ibid. Cobalt in nitrous acid, p. 29. Cobalt in marine acid, aid. 2 
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Regulus of antimony in marine acid, N 30. Regulus of arſenic in viviolic acid, 
Ibid. Regulus of arſenic in nitrous acid, ibid. Regulus of arſenic in marine acid, 
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and Mr. Bergman, accounted for, p. 31. A 


inqu 
are very conſiderable, p. 32. if, In chemittry, p. 33. n mn p. 


ibid. ly, In the improvement of the arts of dying and enamelfing, p. 36. 
In the examination of mineral waters and eſſaying of ores, p. 34. The end which 


' the author had principally in view, ibid. Chemical affinity or attraction, what, and 
1 it Gitters from attractton of cohefion, p- 38. See Genre, Mor 


1 Things to be confidered in all decompoſitions, p. 4p. Tables of 'q 


*": Jivellexit'alffiitles, ibid. 57. 71. 14. Experimenits for deteriviniiig the degrees of 


best in diferent acids, p. 44. Of the affinity of the minietal acide to ibt=iHiEub- 
— p- 50. "Table of the affinity of the three mineral acids to metallic fub- 


** *Hitiees, p. 33. Tue ſuperior affinity of acids to tnerillic eatths, zu preſeitiite to 


Alkalles and vamictallic earths, demonſtrated, p. 54 Of the precipitation of metals 
* * By each other from the mineral acids, p. 60. Of the abſolute quantity of phlegiaon 
«4 "» metals, ibid. Table of the relative and abfolate quantities 
ments to aſcertain the truth thereof, p. 62. An experiment of Dr. Prieftley's exa- 

** - mined, p. 63. Of the affinity of merallic calces to phlogiſton, p. 65. Table of 
the ſpecific gravity and the affinity of the calces 10 phlogiſton, p. 67. Ot the 
affinity of the vitriolic acid to phlogiſton in ſulphur, ibid. Table of the propt 
ſeparated from metals by different acids, p. 6g. Table of che iffitiities of the catets 
of different metals to phlogiſton, p. 70. Of ſolutions" in the vitriolic atid; p- 77. 
Of ſolations in the nitrous acid, p. 72. Of ſolutions in the marine urid, p- 7. 
Of precipitations of and by iron, ibid. Of precipitations of and by copper, p. 77. 
Of precipitations of and by tin, p. 78. Of precipitations of and by lead, ibid. 
Ol precipitations of and by mercury, p. 79. Of precipitations of and by biſmuth, 
* 80. If precipitations of and by nickel, ibid. Of en of and by 
cobalt, p. 8r. Of precipitations of and by regulus « of une p. 92. * | 
 cipirations of and by regulus of arſenic, p. 83. 
 Montcleone, province of, its fertility and beauty, 176, 177. 80 ſubject n 
I chat the baron has uſually a barrack ready to retire to on the fil * Pi 278. 
| Badneſ of the roads, and nen ibid. 
Moon. See Rain. | 
Mary Mr. his method of aſcertaining the quantity and orc of ait dive bee. 
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FILM Me. Edward. See Lightning. RNS: © 
Newton, Sir Iſaac, his definicion of an bypotheſis, p. 164. See Heats 
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hgh 98584 5 Arid, 8 relating to, and the ſeeming converſion 
af wate into air, hy Joleph Prielley. Li. P. P- 398. Different. opinions doneern- 
4 A Phlogifion, (p4.399-- Experiments. S chat pblogiſton- is the ſame 
else i ipflammable air, P. 400-405. Bxperiments on alkaline air and ipflam- 
ts | or, phlogiſton, ſhewing that the firſt i is the compound, and the latter the 
me ample ſubſtance. of the w p. 49g—414- Experiments relating to the ſeeming 
erb of water inte air, .p. 474426. Experiments concerning the re. con- 
2 ner 420: T want of analogy Ar the forts of 


42 428%, By the fame .proceſs by. which e air is made by means s of water, in- 
ene, air may be made from liquid ſubſtances containing Phlogiſton, p- 429 


. \ 9p Experiments 49 aſcertain the. influence. « of the external air, p. 431, 432+ 
89 could not have been, made W Parker $ e lens, P: 434- 
| . "See A. ; acfiieoidy or 5 
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Fold at which dick fler E 5 by Mr. Cavendiſh, p: 30 3 Deſeription of the ap- 
paratus ſent to Mr. Hutc ins by the author, with remarks thereon, ibid. Striking | 
... circumſtance in the experiments made for freezing mercury, accounted for, p zog. 
Te other thermometers, called, for ſhortneſs, wooden ones, deſcribed, with their 
- " 306. State of the boiling and freezing points of the thermometers when they 
came back, p. 308. Difference in the poſition of the boiling point thereon, ac- 
counted for, ibid. Dr. Black, though unacquainted with what the author had done, 
recommended nearly the ſame method of determining the degree of cold, at which 
mercury freezes, p. 309. Phenomenon which occurs in the freezing of water, and is 
now found to _ place in that of quickſilver, p. 310. Explained, p. 311. See 
Water, Heat, Ice. Reaſon why the wooden thermometer continued ſinkiag ſo long 
after the ivory one beeame ſtationary, p. 314. Qvickſfiluer is capable of being cooled 
* below the freezing point without freezing, p. 315. 317. 322. Phenomendn. which 
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marks on the contraction of quickſilver in freezing, many. „On. the cald 
the freezing mixtures, P · 324—328. | 41. * s Nini Of 21 FIT ain mY * 


uichſilver, Hiſtory of the Congelation of, by Charles Blagden, M. D. p. 329. That 
it freezes in a degree of cold not exceeding that which ſometimes OCcurs in the nortk⸗- 
ern parts of Europe, and frequently in the more rigorous climates of Alia ad Amer, 
proved by Mr. Hutchins, ibid. and ought to de ranked among the perfeti metals, 


proſeſfor of philoſophy at Peterſburg, firſt proved that'quicklilver'could be Brad folid 


0 durg Academy, publiſhed ſoon afterwards - under the title of «© De admirandd' frigori 


de Congelatione Mercurii,” publiſhed five years afterwards, p. 334. N otwith landing 
wich, the greateſt part of our preſent knowledge of the ſubject is to be found i ih hjs 
| writings, p. 335. Tranflation of the account of M. Blamenbach's s experiment, p. 
336338. Difference between M. Blumenbach's and Profeltbr Braub's ſolid quick- 


And Dr. Anthony Fothergill's at Northampton, p. 342. Mr. Cavendiſh and Dr. Black's 
method of aſcertaining the freezing point, the ſame, but their apparatus different, p. 


345. Appearances in Mr. Braun's experiments accounted for, p. 346. Appearances in 


Mr. Hutchins's ninth experiment accounted for, p. 347. Remarks on his thermometers, 


ibid. p. 348. See Snowy. Experiments made at Hudſon's Bay with two thermometers, 


to diſcover what degree of cold the freezing mixture produced, p. 352. Obſervations 
thereon, p- 353. Extract of a letter from Dr. Mat. Guthrie, concerning his experiments 

made at Peterſburgh for the :ongelation of quickſitver, P- 354. The conſequences de- 
diced by him therefrom, erroneous, and why, p. 355. Error in his method for ſettling 
the point of mercurial congelation, how to be obviated, p. 35 8. Mr. Cavendiſn, by 
5 difating the nitrous acid to a proper degree, at Hampſtead, rendered the cold of kis 
frigorific mixture nearly as great as that of Mr. Hutchins's at Hudſon's Bay, p. 359. 
| 385—383. That quickſilver has frequently become ſolid by natural cold, demon- 
ſtrated, p 360—363 3. Dr. Gmelin's obſervations on the congelation of mercury in 
Siberia, with remafks, p. 361.—371. M. Maupertuis's in Lapland, and M. Gau- 
tier's at Quebec, p. 372. Mr. Andrew Hellant's in Lapland, p. 37;3—378. The 
Abbe Chappe d' Auteroche's in Siberia, 378. M. Erick Laxmann's in ditto, ibid. 
M. Pallas's in ditto, p. 379—384- M. Georgi's in ditto, p. 384. © The quickſilver 
retained its fluidity at Prince of Wales's Fort, Hudſon' s Bay, ibid. Letief from M. 


Von Elterlein giving an account of his freezing quickfilver by natural cold, p. 389. 3 
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F 0. Thoſe metals arranged according to their ſpecific'gtavity, p- 330. M. Favs, 


by a diminution of its heat, ibid. which he diſcovered by experiments made for 
a different purpoſe, ſuggeſted by Dr. John Erneſt Zeiker, p- 331. Reſulx of ole 
experiments, p · 331, 332. Of which M. Braun preſented an accoubt to the Peterſ- mw 
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drtificiali diſſertatio, p. 333. The miſtakes which he retains in his Supplementa 
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ver, accounted for, p. 330 · Mr. Hutchins renders quickfilver malleable at Hudl6t's 5 
Bay, p. 341. Dr. Lambert Bicker's attempt to congeal quickſilver at Rotterdam, idid. 
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Rutland, 1582. by Thomas Barker, Eſq; p. 252. Table thereof, ibid, State of 
"the weather, and fruits of the earth at the firſt part of the year, p. 243+ Hay very 
plentiful, wid. The harveſt was late and tedious, p. 244. Latter part of * 
dry, ibid. | Vacommon circle ſeen about the moon, p. 245. 
Ramſden, Mr, See E De. glaſes. 
Kaff and 'of the Air, Experiments upon, by Richard Lapell Eine, $70 p- 136. 
e moff accurate machine for aſcertaining the force and velocity of the wind, invented 
9 he late Sir Charles Knowles, ibid. But his calculations, and thoſe in Belidor's 
of” Kichitecure Hydraulique,” not to be depended on, p. 137. Experiments to de- 
termine the difference of reſiſtance between ſarfaces of different figures, ibid.—1 47» 
Miltaken « opinion of Dr. Hook, Monſ. Parent, &c. concerning the action of the air 
on the fails of a ſhip, p- 141. Commonly received demonſtration. among practical 
mechanics c concerning the ſails of windmills and under - hot water- wheels, refuted by 
Mr. Smeaton, ibid. General cauſe of the different refiſtance of the air upon ſurfaces. 
of different ſhapes, p. 142+ Table, p- * 
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Sarcacel, a deſcription of a ſpecies of a moſt aftonithing i fize i in a black man in the iſland. 
of Senegal; with ſome account of its being an endemial diſeaſe in the country of 
Galam, by J. P. Schotte, M. D. 8 5. Deſcription of the diſeaſe, p. 86. Manner of 
the patient's riling and getting to the door, p. 86. Suppoſed dimenſions of the ſcro- 
tum, ibid. and weight, p- 87. Manner of his diſcharging his urine, ibid. His age 
and ſtate of body, p. 88. Had no ſymptons of a rupture, a diſorder not very com- 
mon among the blacks about Senegal, ibid. Account of the beginning and progreſs. 
of the diſeaſe, ibid. his employment, when the diſorder prevented his doing his 
| uſual work, p. 89. Was alive in 1779, twenty-five years from the beginning of the. 

diſorder, ibid. See Galam. Conjectures concerning the cauſes of the diſorder, p. 93˙ 


The moſt probable ſeems to be an hereditary diſpoſition, ibid, 
Saturation, what, p. 39. 


Sayſſure, Mr. de. See Eudiometer 0 


| Schotte, J. P. Sarcocele. 


deb wadiawer, Dr. See Ambergriſes 
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Sel fl A Urine, Memoire fur la Manier 1 p * 

le Sel fuſible d Urine blanc, et por, et 7a phoſphorique —— „ | 
dy the Duke de Chaulnes, pi 288. . | 
Smeaton, See Refiftance of the Air, pa 
$row, in melting conſtantly abſorbs a he" 9 — ü Pad hes, which, * 

employed entirely in giving it fluidity, p. 349 See „ 2 

Sahar Spots. Anſwer to the objections of M. De la Lande, againſt thoſe ſpots being 
excavations in the luminous matter of the ſun, together with a ſhort examination of, 
the views entertained by him upon that ſubject. By Alexander Wilſon, M. D. p. 144. 
A former volume of Tranſactions referred to, for the doctor's reaſons for concluding that. 
all ſpots confiſting:of- a dark nucleus and ſurrounding umbra, are excayations. in the. 
luminous matter, p. 145. His conviction thereof have been perfected by eight years: 
ſubſequent obſervations, p. 136. Perſons leſs uſed to examine objects with glaſſes may, 
require more palpable dimenſions of future great ſpots to behold theſe phenomena, ibid. 
The objection that the abſence of the umbra on one fide, when ſpots. are near the limb,, 
is not conſtantly anſwered, p. 147; et ſeq. Meſſ. Caffini and De la Hire did not think. 
any thing of moment depended on a new attention to the form of the ſpots, P» 148. 
Though ſome few ſpots may differ. from all the reſt, it will not warrant the concluſion 
that no ſpot can be an excavation, p. 149. How far ſpots, which near the middle: 
of the diſk-appear equal and fimilar in all things, may yet differ from one another. as, 

Excavations, &c. conſidered, ibid; Diſtinction between the neareſt and fartheſt. umbra, N 
p. 190. Examples of the depth of the nucleus and the apparent breadth of the neareſt. 
* of a ſpot of 40” all over, when the plane of the fartheſt comes to coĩneide 
with the viſual ray, p. 15 1. Remarks thereon, ibid. Method of compuung t the dif. 
tance of the nucleus from the limb hen it is totally hid; p. 152. Why: very ſhallow.: 
ſpots cannot always be known from the reſt, p. 153-. Diffieuky-concerniog the great. 
depth of the excavations removed, p. 154- Experiments made on a model of the-ſun. 
and its ſpots, according to their proper dimenſions, p. 159. Method of making the 
model, p. 155. Obſervations on the dark notches-made in the ſan's-difk, by the great 
ſpots ſeen in 17 19, and June 3, 1703, p- 157, et ſeq. Thoſe notches no proofs of pro- 
jecting nuclei, or irreconcileable to ſpots being depreſſions in the ſun, p. 158. The: 
only admiſſible arguments, and which carry perfect conviction, concerning the nature of 
the ſpots, are thoſe grounded upon the principles of optical projection, p- 159. Op 
tical and phyſical arguments defined, p. 160. Dark and limited ſphere of human, 
reaſon, in regard to the economy of the ſun, p. 161. That the ſpots are really exca - 
vations or depreſſions, is a fact eſtabliſned by optical arguments, ibid. and the only; 
one the author contends for, p. 163. Strictures on M. de la Lande's theory of the 
tolar ſpots, p. 165—168. 
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Rutland, 1582. by Thomas Barker, Eſq; p. 252. Table thereof, ibid, State of 
the weather, and fruits of the earth at the firſt part of the year, p. 243 · Hay very 
e, bid. The harvelt was late and tedious, p. 244. Laner part of the year 
dy, ibid.  Vacommon circle ſeen about the moon, p- 245+ 
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1 7 2 Sir Charles Knowles, ibid. But bis calculations, and thoſe 3 in "Belidor's 
«lf Fichitedure Hydraulique,” not to be depended on, p. 137. Ex periments to de- 
termine the difference of reſiſtance between ſurfaces of different figures, ibid. —147, 
Miltaken « opinion of Dr. Hook, Monſ. Parent, &C. concerning the action of the aig, 
oh the fails of a ſhip, p- 141. Commonly received demonſtration. among practical 
mechanics © concerning the ſails of windmills and under-ſhot water- wheels, refuted by 

Mr. Smeaton, ibid. General cauſe of the different reſiſtance * the air upon ſurfaces: 
of different ſhapes, p. 142. Table, Pe 145. 
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of Senegal; with ſome account of its being an endemial diſeaſe in the country of 
Galam, by J. P. Schotte, M. D. 85. Deſcription of the diſeaſe, p. 86. Manner of 
the patient's rifing and getting to the door, p. 86. Suppoſed dimenſions of the ſcro-. 

tum, ibid. and weight, p. 87.. Manner of his diſcharging his urine, ibid. His age 
and Rate of body, p. 83. Had no ſymptons of a rupture, a diſorder not very com- 
mon among the blacks about Senegal, ibid. Account of the beginning and progreſs. 
of the diſeaſe, ibid. his employment, when the diſorder prevented his doing his 
uſual work, p. 89. Was alive in 1779, twenty- -five years from the beginning of the. 
diſorder, ibid. See Galam. Conjectures concerning the cauſes of the diſorder, P+ 93. 
The maſt probable ſeems to be an hereditary diſpoſition, ibid, 
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Sauſſure, Mr, de. See Eudiometer. 
Scbotte, I. P. Sarcocele. 
Sebwuadiawer, Dr. See Ambergriſes 
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employed entirely in giving it fluidity, p- 349. See Coll. © def 
Saler Spots. Anſwer to the objections of M. De la Lande, againſt thoſe ſpot being 
excavations in the luminous matter of the ſun, together with a ſhort examination ob 
the views entertained by him upon that ſubject. By Alexander Wilſon, M. P. p. 144. 
A former volume of Tranſactions referred to, for the doctor's reaſons for concluding that · 
all ſpots conſiſting of a dark nucleus and ſurrounding umbra, are excayations. in the. 
luminous matter, p. 145. His conviction thereof have been perfected by eight years: 
ſubſequent obſervations, p. 146-- Perſons leſs uſed to examine objects with glaſſes may, 
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require more palpable dimenſions of future great ſpots to behold theſe phenomena, ibid.. 


The objection that the abſence of the umbra on one fide, when ſpots are near the limb, 
Is not conſtantly anſwered, p. 147; et ſeq. Meſſ. Caffini and De la Hire did not think. 
any thing of moment depended on a new attention to the form of the ſpote, P» 148. 
Though ſome few ſpots may differ. from all the reſt, it will not warrant the concluſion, 
that no ſpot can be an excavation, p. 149. How far ſpots, which near the middle; 
of the diſk appear equal and fimilar in all things, may yet differ from one another - as, 
excavations, &c. conſidered, ibid; Diſtinction between the neareſt and fartheſt. umbra, , 


p. 1 50. Examples of the depth of the nucleus and the apparent breadth of the neareſt. 


umbra, of a ſpot of 40” all over, when the plane of the fartheſt comes to coincide : 
. with the viſual ray, p. 15 1. Remarks thereon, ibid. Method of computing the dife. 
tance of the nucleus from the limb when it is totally hid; p. 152. Why. very ſhallow 
ſpots cannot always be known from the reſt, p. 153. Diffieulty- concerning the great: 


depth of the excavations removed, p..154- Experiments made on a model of the ſun: 


and its ſpots, according to their proper dimenſions, p. 1559. Method - of making the 
model, p. 155. Obſervations on the dark notehes made in the ſan's-difk, , by the great 
ſpots ſeen in 17 19, and June 3, 1703, p- 157, et ſeq. Thoſe notches no proofs of pro- 
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only admiſſible arguments, and which carry perfect conviction, concerning the nature of 
the ſpots, are thoſe grounded upon the principles of optical projection, p. 159. Op»- 


tical and phyſical arguments defined, p. 160. Dark and limited ſphere of human 


reaſon, in regard to the economy of the ſun, p. 161. That the ſpots are really exca - 
vations or depreſſions, is a fact eſtabliſhed by optical arguments, ibid. and the only; 
one the author contends for, p. 163. Strietures on M. de la Lande's. * of. the 
folar oh p. 165—168. 
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Gemini, ibid; In Orion, p. 257. In Lea, ibid. III. Stars newly become viſible, 
_ P25, Near Laarta's tail- end, ibid. 1. Pere, ibid. Near the head of Cepheus, 
ibid” In Gemini, ibid. In Equuleius, 258. In Sextans, ibid. Between Cancer 
and Hydra, ibid. In Hercules, ibid. In Bootes, ibid. Not; eaſy to prove ſtars ta 
bo newly come, ibidt Probable reaſons vr ſuppoſing every ſtar to be more or leſa 3 in 
motion, p. 439% The proper method of detecting the direction and quantity of the 
ſoppoſed proper motion of the ſun, by a few geometrical dedacions, painted out, Be: 
260. Probable tendency of the courſe of the ſolar ſyſtem, ſhewn, ibid. Eig. 2» and. 
20 explained, p. 260, 26. Double ſtars on which to make obſervations for aſgertains,. 
ing ſmall relative motions among the fixed ſtars, 263« Deviations of the planets from. 
the lun / which all other ſtara ſeem: to obey, explained, p. 267 Fig - 3+ explained. 
ibid. M. de la Lande's table of the proper motion of twelve ſtars, both in right aſ- * 
cenſion and declination, p. 270. Fig. 4. explained, ibid. Striking circumſtances in 
the quantities of the motions of the above ſtars, p. 271. et ſeq» Poſtſcript, concerns, 
ing Mr. Tob, Mayer's comparifon of the place of 80 ſtars obſerved by him in 1756, 
 with'the ſame ſtars as given by Roemer in 1706, p. 274, et ſeq, Remarks on Mr. 
Michell's admirable idea of the ſtars being collected into ſyſtems, p. 276. Table of 
the ſtars which agree with Mr. Herſchel's aſſigned motion of the ſolar ſyſtem, p. 277. 
and of thoſe whoſe: motiuns cannot - be.accounted for by his hypotheſis, p- 278. and 
remarks thereon, ibid. et ſeq. Fig. 5. explained, p. 279. A paragraph of Mayer „ 
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